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CHAPTER XXXI 


THE CLINICAL EFFICACY OF VARIOUS 
DIGITALIS PREPARATIONS 

By W'lLLiAM D Stroud, M D , and Joseph B Vander Veer, M D 

Altliough the indications and methods of administration of digitalis 
aie discussed in considerable detail in Chapter XXXI^^ )et. since 
theie still exists confusion in the mind of tlie average practitioner as to 
the indications for the use of digiLalis, the best method of administration 
and tlie most efficient t)pe of preparation to be used, ue have prepared 
this chapter in an attempt to clarify this point Unfortunately, from time 
to time v'anous articles with conflicting opinions as to the indications and 
conlraindicalions for digitalis have appeared m tlie medical periodicals 
rurthermore, ilie problem has been rendered more difficult by the more 
or less genet ihzed cliange from the tincture to use of the powdered 
leaves in tablet, capsule or piU form, the introduction of the term cat 
unil* in expressing biologic potency and dose and iJie pressine of sales 
manship of the manufacturing drug firms as to the special merits of their 
respective preparations 

The purpose of the present paper is (i) lo emphasize a few of the 
mam indications and contraindications for digitalis, (2) toieview briefly 
Its mode of action, ihe dose .and methods of administration, and (3) to 
discuss the therajieiitic merit of several special preparations of the iso 
lated digitalis principles (glncosides) , compared v\ith v\hole leaf prep 
arations, as determined m a clinical study duimg the last eight years 

INDICATIONS 

More than 100 years ago digitalis lost fasor as .a therapeutic agent 
because of its inability to slow tachycardias due to fever, and yet today 
many physicians prescribe digitalis with the hope of slowing rapid heart 
action due to fever, thyrotoxicosis, hypeisensitivity of the sympathetic 
ner\ous system and peripheral circulatory failure This practice is espe 

• A cat tinit represents the minunnm amount otdi^ialis which is required ncr kilogram 
of bcKls weight lo kill a cat when injected slowly and roniiniiousi) mirasenously It rqire 
senis 0 I Cm (HX Gramsl of iiowderM leases or I cc. (15 minims) of tmciiirc 
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CARDIOVASCULAR DISEASE 


cially common in connection surgical procedures digitalis being 

given postoperauvely in some places almost as a matter o£ routine 

heedless to say digitalis proves of no advantage in the treatment of 
such conditions except in certain cases of thyrotoxicosis accompanied 
by cardiac disease of different etiolt^ (such as a rheumatic valvular 
defect assoaated with congestive heart failure) or in cases of pneumonia 
complicated with auricular fibrillation or auricular flutter As shown in 
the study of pneumonia at Bellevue Hospitali digitalis when indicated 
m the treatment of this disease should be given only in divided doses 
since massive doses may prove distinctly dangerous 

During the last two decades several inv estigatorsS Inve called aiten 
tion to the differential diagnosis between circulatory failure due to dis 
ease of the heart and circulatory failure resulting from collapse of the 
peripheral vascular system As described by Harrison 3 The clinical 
picture of peripheral circulatory failure (shock, collapse) is characterized 
b) weakness as the diief subjective phenomenon and by ashen pallor 
cold clammy skin tachycardia vveakness of the pulse diminution in 
systolic pressure In emergencies of tins character digitalis proves of 
but little— if any— benefit and through recognition of this fact the 
formerly rather prevalent procedure of administering this drug post 
operatively (in ridiculously small doses) to patients witli circulatory 
failure of peripheral origin has been abandoned Digitalis is seldom mdi 
caied in emergencies unless there is definite evidence of right or Jeff 
ventricular failure and then in order to secure clinical benefit vnihin 
a few hours large doses are necessary 

Altliough some clinicians still question the statement that proper 
digitalization improves tomaty and contractility of tlie myocardium it 
IS our opinion as stated m a previous piiblicition by one of us ^ tliat the 
therapeutic benefit of digitalis is effected in one or all of three ways as 
follows 

1 By slowing the heart rate that is by lessening the number of 
ventricular systoles per minute the diastolic period is lengthened 
whereby ventricular filling is rendered more complete and the heart 
muscle fibers are afforded more rest and as a consequence there may 
result a greater expulsion of blood into the circulation v\ith each systole 

2 By increasing the cardiac tone thereby relieving or preventing 
dilatation of the heart chambers beyond the physiologic limit the opii 
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mum cardnc output is made possible When the length of the heart 
muscle fibers is increised beyond a certain limit the cardnc output is 
decreased and heart failine is belie\ed to result Restoration of the 
fibers to a shorter length is a factor in bringing about an increase in 
cardiac output with the possible return of circulatory efficiency 

3 Through increase of the e'ctent of aentncular contraction there 
tends to be an increase in cardiac output when heart failure is present 



Figure 1 Snge at ^ h ch dig eahzation w 11 presene ihc opt mtim cardiac output 


If the effects mentioned aie to be expected from digitalization the 
question arises as to in hen in the course of progressive cardiovascular 
disease the patient should bed/gitalwed Christians expressed the opinion 
that as soon as a diagnosis has been made of cardiovascular disease (par 
ticularly Iiypertension or \ahiilar disease) wJiicli may place an additional 
burden on the myocardium the patient should be digitalized and digi 
tahz3t!on sJiouJd be mainiained tbroiigJjont ihe lemainder of bfe On 
the other hand Hamson and Leonard** (in a study of dogs) and 
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Bun\ell Neighbors and Regen" (m a stud) oE human beings) found 
that a reducuon m output of the nortnil heart occurs tvith full digitahza 
tion Certain studies^ suggest that if the heart is normal or has perhaps 
a slight degree of dilatation and hypertroph) digitalis lessens the elTi 
cienc) of the heart muscle and also decreases the flow in the coronar) 
arteries The same studies indicate tliat there maj be a stage m the 
progressite dilatation and h)pertroph) of a laboring myocardium at 
which digitalis seems to improte the efficiency of the heart muscle and 
also the flow from the coronary sinus into the heart Hypei trophy and 
dilatation unchecked tend toward a point where a certain optimal lengtli 
of the fibers of the heart muscle is exceeded and a decrease m cardiac 
output results (described by Starling^ as the law of the heart), with 
gradual or sudden deselopment of signs of heart failure On the basis 
of this bypotliesis it is the physicians responsibility to estimate— through 
the patient s history the physical appearances, electrocardiographic and 
\ ray studies and his knoav ledge of the usual progression of tlie \arious 
cardioiascular diseases— just when die stage has been reached (as shown 
m the accompanying illustration) at which digitalization will presene 
optimum cardiac output through increase of tonicity and extent of 
lentncular contraction lO 

It IS our belief therefore tliat m the treatment of patients iMth 
progressive chronic cardiovascular disease digitalization should not be 
started as a matter of routine at (he time of diagnosis but when m the 
opinion of the physician the pathological processes have progressed to 
a point where digiLalization may increase ventricular output and improve 
coronary flow 

METHOD OF ADMINISTRATION 

The vaist majority of patients can take digitalis by mouth The 
emetic action of digitalis is not due to a direct irritant action on the 
gastric mucosa but is a reflex effect from the direct action of the drug 
on the heart (the impulses passing from the heart to the vomiting center 
in the medulla) * Occasionally psychic vomiting due to knowledge of 
tlie toMC gastric effects is encountered Intravenous digitalis therapy is 
seldom indicated Subcutaneous administration is necessary only m the 

• It cannot be too stronglv emphasued that Ihe namea and \-otniting of digitalu intoMi 
cation IS a brain center effect and not due to its effect on the stomach Tlie common experi 
cnent of g sing a cat a tox c dose of d g ul s intiavenoush so that the cat procectfs to somic 
IS an excellent illustration 
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presence of ^omltmg or tinconsaousness or ^slien the pitient is unable 
to SA\ allow Rccnl -idministnition is seldom necessary 

It IS generally admitted b> ph)staans with experience in both methods 
of administration that tablets, capsules or pills of powdered digitalis 
leaves are much more practical than the tincture In the first place, such 
preparations seem to maintain their potenc) better than the tincture 
and, in the second place, the dosage is much more accurate, since even 
with die standard minim dropper the patient is apt to miscount the 
number of drops The impossibility of accurate dosage in the absence 
of a standard minim dropper is well known to all who have tested the 
average medicine dropper supplied by the drug store * Furtheimore it 
is more convenient to carry tablets capsules oi pills than a bottle of 
the tincture 

According to our experience die large dose method of administering 
digitalis is seldom necessar) In emergenc) cases when there is no vomit 
ing, full digitalization can be accomplished with tablets of standardized 
digitalis (or their equivalent m glucoside preparations) when given 
mouth, m from o ^ to Gm (41/, to 6 grams) doses every six hours 
wijiin to Jiours In the avenge case of congestive heart failure 

complete digitalization can be accomplished in from 4S to 7s hours b) 
administration of o 2 Gm (5 grams) of digitalis three times a day Tor 
an ambulator) patient with heart failure of mild or moderate degree 
full digitalization can be accomplished m six or seven days by o 1 Gm 
{w/o grains) tablet given twice a day \fier digitalization it lias been 
our experience that the average maintenance dose is about o 1 Gm daily 
Of course, some patients may require slightly larger doses, while m other 
instances the maximura effect is maintained by means of considerably 
swvall doses, even as IvUle as 005 Gwv (l/> grain) daily 

In sumnniy then, o i Gm of a properly standardized tablet, capsule 
or pill of digitalis leaves is equivalent to 1 cc (1(5 rnmims) , or approxi 
mite]) 45 drops, of a well standardized tincture In general, physicians 
are finding the tablet, capsule or pill a much more convenient form for 
administenng digitalis than the old fashioned tincture It is necessary 
to use between 1 and 2 Gm (15 and yo grains) of digitalis 10 digitalize 
fully the avenge adult patient Except in emergencies our usual routine 

‘A dose in drops from an ordinary dropper has from (wo lo three limes the number of 
drops as the same amount measured in minims 
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TABLE I 

Clinical Coluse of Patient S F 


Pale 


Aver dailv dose grains 

Weight pounds 

\ cntncular rate 

Pulse rate 

Dj-spnea 

Ldema 

Lung (rales) 

Liver cm palp 
Blood pressure 
\ ital capacitv rc 

Dale 

Aver dail> do^e grim 
Weight pounds 
Ventricular rate 
Pulse rile 
Dvspnea 
bdema 
Lungs (r&lesl 
Liver cm palp 
Blood pre*-sure 
\ Ital capacitv cc 

Dale 

\ver dail) dose gram 

Weight pounds 

\entncubr nte 

Pulrf rate 

D>spnca 

Ldema 

Lungs (riles) 

Liver cm |xilp 
Blood pressure 
V^tal capacitv cc 


110/76 

2a)'i 


SS 46 jlD6/70 
! 2150 2600 


r T5 1 


1/240 

116 H 


0 

105/M 

2600 


lS/14 


>40 I 1/130 


',.oJ 

I 3400 


0 

104/78 

2000 


I 1 600 
116 


0 

no»'7o 

2ta0 


I 


! 


114/80 

1900 


1/600 

122 


104/70 

21«0 


116/70 

2100 


1/240 

110 


120/80 j 120/90 
1700 1250 


1/240 

129 


76 


1/240 

118 


120/85 

2600 


1/600 

124 


120/80 

20V) 


1/240 

132 


120/70 

1500 


104/76 

17^0 


•TIiiv patient was otisTvcd from jantian to 0<tol>cr while rrreiving Burroughs Well 
orme and Cempanv digiialis li4 graim sl3»l> rrom the Mlowing Ortolver to June his con 
dition was conlrolled bv grains of digalm dailv Ul rardiration was stoppeil on ihis dale 
t Vdministraciein of verodigcn Lj^a grai” »wr««l on this date 

; Condition prcvioush conlrolled bv this dose of verodigen for nine months All metl ca 
tion stopped on this date 

5 Digitahne (Naiivelle) started on this date 

lIMaintetiancc dose of ic/o pram of d gitaline (Nittvelle) ftir IS montfs prior to il is 

date 

• All medieatton stopped on this date 

'Digoxin V^iograin twice cbilv siailctl on this date 
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IS to gi\e the patient o i Gm of powdered digitalis four times a da) 
(o 39 Gm —6 grams dail)) for three dajs Thus isitli a total of i iG6 Gm 
(i8 grains) i\e approach full digitalization uith little danger of toxic 
symptoms From then on the daily dose is determined by the condition 
of the patients circulation or the deaelopment of toxic symptoms The 
aierage daily maintenance dose of digitalis is betiveen o 03 and o 19 Gm 
and 3 grains) a day 

CHOICE OF PREPARATION 

The proof or disproof of a drugs efficacy rests finally on the test in 
patients This statement of Sir Thomas Lems applies especially to digt 
tabs preparations A drug of the aaliie and ha\mg the widespread use 
of digitalis desenes the gieatest consideration from the practical clinical 
standpoint In a gi\en case the therapeutic efficiency may laigely depend 
on a sufficient hut nontoxic dose The present popularity of preparations 
made fiom poi\dered uhole digitalis leates has logically e\ohcd from 
the stability accuracy of dosage and satisfactory clinical results of this 
form of the drug In addition to uhole leaf products many puiified 
preparations containing one or more of the ghicosides of digitalis arc 
noiN available It is possible that the necessity for bio-assay may be obvi 
ated with these preparations and clinically they should be reliable and 
efficient The great variation m their equivalent doses however has 
added confusion to the problem of digitalizing the patient and establish 
mg a maintenance dose 

The clinical comparison of difFerent preparations of digitalis is a 
difficult procedure The digitalizing dose and the daily maintenance 
dose of one preparation may be sufficient to maintain circulatory efii 
cicncy in a given patient while the same dose of another preparation 
may while satisfactory hold the patient continuously closer to toxic 
manifestations In other words in making such a study it must be 
remembered that there exists in a majority of patients with established 
auricular fibrillation a fairly wide margin between the minimum dosage 
necessary for optimum digitalization and the maximum dosage wJuch 
can be tolerated without the incidence of toxic effects n 

During the past eight yeais we have conducted a clinical study using 
several preparations of digitalis 1 ' The data on 5G of a large number 
of patients obsened during this penod are satisfactory for analysis 
Thirty of ilie patients had organic heart disease with chronic auricular 
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fibrillation and uere taking digitalis t\hen the) came under obsenation 
All these patients tvere observed for ts\o or more )ears and were ambula 
tor), and practically all developed rapid ventricular rates vsith pulse 
deficit if digitalis uas omitted Seventeen tvere obsened for three or 
more years and ii for over four years Ttventy six patients had never 
received a preparation of digitalis before coming under observation 
because of heart failure All uere hospitalized, and the digitalizing dose 
of a given preparation was determined by clinical trial Seventeen 
patients had auricular fibnllatton three had auricular flutter and m six 
normal sinus rhythm was present 

Our first study was with American Heart Association whole leaf 
tablets of digitalis as prepared by Gold at Cornell University, the 
tabloids of whole leaf digitalis prepared by Burroughs Wellcome and 
Company and Digalen a preparation of purified glucosides supplied 
by Hoffman LaRoche Inc Ambulatory patients with established auricu 
lar fibrillation 25 in number, were selected from the adult heart clinic 
of the Pennsylvania Hospital and divided into three groups similar as 
to age, and degree of circulatory efficiency The clinical course of the 
three groups was followed for nine months on the three respective 
preparations of digitalis During the subsequent six montlis four of the 
nine members of che group which had previously received the preparation 
containing only the glucosides were changed to the commercial v\liole 
leaf tablet and the others were given Uie American Heart Association 
product five of the seven patients originally given the commercial 
whole leaf product were changed to the glucoside preparation and the 
remainder were given the AHA product, six members of the group 
started on the AHA product were then placed on the glucoside tablet 
and three were given the commercial whole leaf product Each patient 
reported to the cardiac clinic at intervals of from one to four weeks for 
a checkup of symptoms and a physical examination, which included a 
vital capacity determination Onhodiagraphic and electrocardiographic 
studies were made every three or four months During our study of 
more than 18 months no striking difference was observed m the general 
clinical picture including the ability to work of the members of the 
three groups 

The final check up of the original 25 patients with whom the study 
was begun m 1931 is of interest Twelve patients are still living and 
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u of these ire still regular attendants at the cardiac clinic Of ten 
patients nirh marked cardiac enlargement only three are luing Six 
of 11 patients avith moderate cardiac enlargement are ali\e and of four 
uith slight enlargement three are m relatively good health and ivorkiiig 
Our second study a\as a\ith verodigen— a gitalm glucoside of digitalis 
Fne patients with established auricular fibrillation and one patient aviUi 
auricular flutter, all previously untreated with digitalis were digitalized 
with this drug as were two patients with regular sinus rhythm and 


TABLE n 

Clinical CouRSt of S a White Man Aged 38 Who Had Rheumatic 
He \Rt Disease with Mitral Stenosis and Auricular Fibrillation 


DaXe 

o/O* 1 

e/os 

yui 

S/1 

S/29 

9/12 

A\er da ly do e gra 1 

1/1200 

1/1200 

1/600 

1/m 

1/m 

1/300 

Weght pounds 

12 s 

Ul 

129 

130 

132 

135 

\ entricuiar rate 

84 

too 

120 

84 1 

80 

eo 

Pu1«e rate 

84 

100 

112 

84 ' 

80 

60 

Dyspnea 

0 

0 

0 

0 

0 

0 

Edema 

0 

0 

0 

0 

0 

0 

Eungs (r&le») 

0 

0 

0 

0 

0 

0 

L ver cm r®lp 

0 

0 

0 

0 

0 

0 

Blood pressure 

120/ 0 

120/70 

130/70 

110/70 

120/60 

110/70 

V tal capacity c 

3100 

3000 

3300 

3200 

3200 

3100 

Complaints ' 

. .1 

None 

None 

None 

None 

Ano* 

rex a 

Ano 

rex a 


• Cond i on comrolleil oa pn n of d g lal ne (Nat \t:lle) for c s^i montl s pr or lo 
this date A da ly dose o! yijoo n started on this dale 
fDa ly dose c( l{,go gra a resumed on tb s dale 


advanced congestive heart failure Of the ambulatory patients whose 
established auricular fibrillation had previously been controlled with 
whole leaf digitalis preparations or digalen 14 were given verodigen 
Clinically v\e found o 26 mg g*^in) of verodigen to be equivalent 

to one cat unit (approximately o l Gin— grams of pondered digi 
tails) and the total dose necessary for digitalization from 3 5 (^'io 

to grtun) administered over 6ve or six days The most frequent 

adequate maintenance dose of verodigen was 026 mg (V 40 
daily 13 

Foi about one year our study vvas coiiceined with digitahne (Nati 
velle) Twelve patients with heait disease who had previously received 
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no preparation of digitalis t\erc digitalized b) this glucosrde Fightctn 
patients tvhose estiblished aunailar fibnlhiion had prcviousl) been 
controlled b) one or more preparations of digitalis tsere gt\cn digitnhne 
The ascrage period of obseiaation for this group uas loi^ months The 
total dose necessar) for digitalization \nned from i 3 to a mg (Kj, m 
^'^10 'Nben administered o\er five or si\. da^s The most frequent 

adequate maintenance dose i\as o 11 mg gram) (Lailj 

A further stud) is*as made a\ith digoxin • It asais carried out m a 
similar manner and 27 patients were obseraed Six of them had ncacr 
prcMousl) recciaed digitalis in an) form and the remaining 21 had been 
maintained i\ith one or more other preparations of digitalis Tlie 
average period of obsenniion of the fatter group was 8^^ months The 
most frequent satisfactor) maintenance dose of this product was approM 
matel) o j mg (^go dad), and wc feel that this dose is clitncall) 

the equivalent of one cat unit of standardircd digitalis leaves 

The follovving case presents an example of the i)pe of ambulator) 
patient observed The data recorded arc a portion of those obtained 
during a )ear period of observation while the patient was receiving 
five different preparations of digitalis Tlic effect of stopping all medica 
tion for a few weeks is well shown Tlicgndtnll) decreasing vital capacii) 
J5 of interest CJinicaJJ) there nas jjo cbtnge in ific piiietns CDrnhiKin 
during the stud) 

S f a Jew aged 32 complained of rapid heart action of ihrcc 
months duration with fatigijc dvspnca on c\cnion and cough on his 
first visit to die Cardiac Clinic of die Pcnnsjlvama Hospital in June 1931 
At the age of 15 )car5 he had been told lint he had a heart inunnur 
hov\cvcr he hatl been in CNcclIcnt licalih and had been very active phvsi 
ca.U) previous to 1931 I'h)siril examination revealed cardiac cnlargcmmt 
mitral stenosis and insulTicicncv and auricular fibnllaiion vMthout am 
signs of congestive failure Since 1931 he had been taking digitalis 
rcgularlv 

TIic carthovisoilar diagnosis v>as as follows -I Unknown (lonsi! 
litis) B carthac cnlargcintni mitnl stenosis and insninriencv C auriai 
lar fibnllation D Class 2<7 TIic rlinical course is shown in Table 1 


•The man tfaci irers of scn»I sen— Mctit- X Co— anl of tl c tat no (Namcllo — r 
Fon^en 1 Co Inc — claim it ai chc r piqural ons ace p re uatle crsMall /ot ct ch fr» 
tsola'iol from it e leaser ol J 5 lal s pc rp rca anJ il t msn ifaciiirm < f it ■m-c r»— It rrot t * 
Wdlccme S. Ca —eta m it at U u lie «mc l>pe of r1 ico* te istbtnl from ihe leices ' f ri ' 
tat s lanaia If it oc tiatms ate in e ihc*e there | reparalh ns U out 1 Vrq> ir iff trU a 1 
It e close on l>e ileierm ned bs wc f I w th ni ll c neccs ty 1 f an mat b o a«ot 
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The data in Table II show the effect of increasing or decreasing the 
maintenance dose of a digitalis preparation m treating a condition previ 
ously well controlled on the same preparation 

Our most recent study was made with urginin Other interesting 
observations upon the use of this drug will be found in papers by 
Chamberlain and Lei'j.i-* Carr and hfayer,!® and Maher and Sittler 
Because of the somenhat variable clinical results obtained by other 
investigators, especially in relation to the toxic effects and the duly 
mvmtenance dosage, and m view of the increasing use of the glucoside 
preparations of squill in all types of cardiac disease, further clinical 
studies ivith this drug are desirable • 

Use of the drug for a period of several months in the same patient 
and a comparison of us action with that of digitalis m various types of 
heart disease seemed especially indicated 

METHOD 

In this study, we liave followed the plan used previously in evaluating 
various preparations of digitalis n 17 

There were essentially tv\o gioups of cases (i) Patients with severe 
heart disease and cardiac decompensation who had previously received 
no preparation of digitalis These cases were hospitalized and, whenever 
possible, were given two or three days bed rest to serve as a control 
period before any cardiac drug was given (2) Patients with chronic 
auricular fibrillation who had been previously controlled on one or more 
preparations of digitalis over a period of one or more years These were 
ambulatory cases of rheumatic or arteriosclerotic etiology, most of whom 
had been followed for several years During this time, the maintenance 
dose of the various digitalis preparations had been determined by careful 
clinical observation That digitalis was essential to the wellbeing of 
these patients was proved to our satisfaction by cessation of the drug 
(voluntary or directed), and the development of symptoms and signs 
of myocardial insufficiency after a variable period, usually fiom three 
to SIX weeks 

A summary of 16 patients with congestive lieart failure who liad 
previously received no treatment with digitalis preparations reveals tint 

•We are iiidebte<l to the Calco Cbemia! Company Inc for the hrf;e amount of urgmin 
med in this study Tii s drug « fully descnled in Nw and Non OlTcnl Remedies The 
water insoluble giiicos des of <q( ll (utginca maritima} eontainci therein ire iiandardireil 
chemically physically md biologcally 
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ten uere of the rhcumitic t)pc four ancnosclcrotic ind tuo irtcno- 
sclerotic and h>pc^tenst^e Persistent 'luncular fibrilhtion a\"is present 
in It of the i6 patients The lotvest number of tablets of 05 ing (H*>o 
grain) necessar) in a four to six da) period for a satisfactor> therapeutic 
effect t\as 2j tlic greatest number 59 i\ith an ascrage of 3G3 There 
arc approximate!) go cat units in 3G3 tablets of urginin avhich is 
equiialent to 18 cat units or 27 grains of digitalis 

These patients avere acute!) il! and uere treated indi\iduall) rather 
than b) a standard routine As meniionetl avheneacr possible a control 
period of tuo or three da)S was allowed before an) specific cardiac drug 
a\as giaen The usual laborator) procedures avcrc done including fre 
quent electrocardiograms An initial dose of six to eight tablets of 
urginin (05 nig— grain— each) was gi\en orall) followed b) two 
tablets three or four times dail) By this method the patients were usii 
all) digitalized in three to six da)s \antliin or mercurial diuretics 
were used whcnc\cr indicated but were withheld until after sufficient 
time had elapsed to allow diuresis from urginin whenever the condition 
of the patient warranted Following improvement the maintenance dose 
of urginin was determined for each patient b) clinical trial and ihc) 
were continued on this drug over a period of several months in most 
instances 

The following case report is an example of tlie patients in ilie first 
group 

Case R G (No vsIihc male aged 31 was atliiiiUid 10 die 

Pcnnsjlsiuia Hospital on Jul) 22 1937 complaining of shortness of 
breath cough and abdominal distress II P J The patient stauxl dial 
he had been in good health prior 10 the present illness and had been able 
to do orclinar) labor without difficult) though he did athnit to sliortncss 
of breath on mmlcrait exertion for scscral )cars for two weeks prior 
to admission he had m icd palpitation sliorincss of breath and weakness 
He o)uld not sleep buig dossn and epigastric distress and nausea v ere 
present He had somited scstral times during tins pcritKl Dsspnea \ as 
tpnie marked after Jul) 18 so that he was orthopneic and cough s as a 
distres ing factor He had received no mcilicnl care | nor 10 hosjuiahn 
turn I II The patient s father died at 33 vears of age from piilmonan 
tubcradosis II In the show hiistncss until 193 j \\orke<l for \\ I \ 
two scars stopping on June Ij IW as the job was rnishcd Moderate 
user of alcohol and tobacco I* W II Chicken jiox and jierttissis as 1 
clidd Freejuent rlKiimatism until )Lars of age 1 Ins was often v) 
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se\ere he could not walk but he %vas not confined to bed with it at any 
time He denied scarlet fe\er, chorea diphtheria respiratory trouble or 
cardiac disease Chancre in 1928 with 14 injections of an arsenical 
preparation No operations 

Physical examinatioyi revealed a large slightly obese man sitting up 
in bed with definite dyspnea No cyanosis or jaundice were present 
The eyes ears and nose were negative The teeth and tonsils were defi 
nitel) diseased The chest was symmetrical and moved equally The lungs 
were clear anteriorly but posteriorly tliere were subcrepitant rales at the 
left base and dullness below the level of the seventh rib on the right witli 
diminished breath sounds and fremiuis The apex beat of the heart teas 
felt 13 cm to the left of the midsternal line m the sixth interspace The 
right border of cardiac dullness was 5 cm from the midhne in the fourth 
right interspace A soft systolic murmur was heard at the apex and there 
v\as 1 questionable short rumbling diastolic murmur at this area The 
pulmonic second sound was accentuated veniriailar rate 152 Rliythm 
lotall) irregular Pulse rate 110 The abdomen was obese with a sense 
of resistance m the nglit upper quadnm but no organs were palpated 
Slight edema of the ankles was present and die tendon reflexes were 
hy peractive 

Laboratory Findings Uime eight specimens essentnilj normal 
Blood count Hemoglobin 83 per cent RBC 5 360 000 ^\BC 12 200 
Differential and smear noimal Blood Wassermann sirongl) positive 
Cerebrospinil fluid ^Nnssermann negative Blood sugar 93 mg per cent 
Blood urea nitrogen 112 mg Xnys of chest Considerable cardne 
enlargement m the regions of both ilie right and the left ventricles and 
the left auricular appendage The lung fields were clear except for an 
old organized tuberculous lesion in the left midlung field 

CUmcnl Course The patient was started at once on urginm and vvas 
given an initial dose of six tablets (0 5 mg cacli) followed by two tablets 
three tunes dad) for the next six davs The patient was at rest in betl 
with no medicaiion except 0 01 Gm (*', gram) of morphia on the first 
night The fluid intake was limited to 1500 cc (48 ounces) daily Tlie 
patient improved rapidly and by the sixth hospital day the ventricular 
rate was 80 with no pulse deficit Thirty eight tablets of uiginin had 
been given during this period (From our later conclusions this would 
be the clinical equivalent of about 19 cat units or 1 814 Gm (281' grams) 
of standardized digitalis leaves) The dosage of the dnig was then gndii 
alh diminished and he vvas placed on a maintenance dosage of two 
tablets daily on August 1 1937 Tlie patient was gridinlly allowed up 
starting \ugust IS 1937 It seemed vvise to increase the maintemiice 
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dose to 3 tablets dail) on this date, and this nas continued unul his dis- 
charge September 1, 1937. 

Anal Diagnosis 

1. Heart disease 

(a) Rheumatic t>pe. 

(b) Cardiac enlargement, mitral stenosis and 

msuffidenq 

(c) Auricular fibnUation 

(d) Class 2/1. 

2 Syphilis — latent 


TABLE III 

Later Climcal Course of Patient R. G 


Date 

tO/7 

I0/£l 

IS/9 

S/3 

4/7 

7/28 

Drug 

Urginm 

Same 

Same 

Dieicalis 

Saire 

Same 

Daily (lose 

Tab 3* 

3 

3 

RT IH! 

VA 


Weight 

212 

2H 

213 

210 

212 

207 

Ventricular rate 

98 

64 

66 

68 

76 

60 

Pulse rate 

78 

61 

66 

6S 

76 

60 

Dyspnea 

0 

0 

0 

0 

0 

0 

Edema 

0 

0 

0 

0 

0 

0 

Lung (rflles) 

0 

0 

0 

0 

0 

0 

Li(er, cm palp 

0 

0 

0 

0 

0 

0 

ntooif pressure 

110/70 

110/70 

120/70 


120/70 

136/80 

Vital C3p.icit>, cc 

3500 

3800 

2500 

1700 

3700 



• Tables of iirgtniri, 05 mg each Thw had Jjccti gi\e« dail) for $«cn necks prior 
lo ihrt dale The dosen-as inneawi on lh» day to thircmwe iah\e» per nceV pJ per v.c«V^ 
f Tablets of standardized nholc leaf digitalis. 0 1 Gm (I^ grains) , equal one cat unit. 
The palicnt n-as changed lo chit mediation on this date, liasing rereunl three labtels of 
urginm daily since October 21, 1937 

The second group consisted of |)aticuts uith organic heart disease 
uho had pre\iously been maintained in a satisfactory condition b> the 
use of one or more preparations of digit.iHs 

The follou’ing table is a siimnnry of i8 patients uith chronic .nuricu- 
lar fibrillation uho Ind been previously controlled on various digitalis 
preparations for j>eriods of i8 months to 6 years (ten cases followed for 
over five years) folloucd by urginm therapy for 5 to 1 1 months (average 
of 1 1.5 months each) . 
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TABLE I\^ 

Dail\ Maintenance Dose 
1 case 3 tablets 

0 cases 2 tablets 

1 case 2 tablets 

7 cases 1 tablet 

Aterage of aW cases equals { 7 tablets 

Results 

No change in condition 
Not as well? 

Congestive failure Better with digitalis 
Congestiie failure Better in hospital 
Ventricular rate poorly controlled 
Died No relation to therapy? 

TABLE V 

CuNiCAL Course OF W S (No 1854), a White Male, Aoed 41, wmt 
Rheumatic Heart Disease Mitral Stenosis and Auricular Fibrilla 
T ioN Data to Show the Results of Increasing and Decreasing thf 
Daily Dose of Urcinin 


11 cases 
2 cases 
2 cases 
I case 
1 case 
I case 


Daii 

10/8/37 

2S/3/3? 

IS/2S/S7 

2/2i/33 

s/r/38 

3/31/38 

4/WSS 

5/20/SS 

Medicine 

Urgmm 

0 

Urginin 

Urgmm 

Urgmm 

Urgmm 

0 

Digitalis 

Daily dose 

Tab 1* 

0 

Tab 2 

Tab 2 

Tab 3 

Tab 4 

0 

started 

Weight (lbs ) 

128 

132 

131 

134 

137 

136 

137 

139 

Ventricular rate 

70 

80 

t22 

74 

72 

68 

44 

108 

Pulse rate 

76 

80 

108 

74 

72 

68 

44 

92 

Dvspnea 

0 

0 

0 

0 

0 

0 

0 

0 

Edema 

0 

0 

0 

0 

0 

0 

0 

0 

Lung (rSles) 

0 

0 

0 

0 

0 

0 

0 

bases 

Liver, cm palp 

0 

0 

0 

0 

0 

0 

0 

0 

DIood pressure 
Vital capacity, cc 

130/80 

3300 

3000 

120/70 

2900 

2900 

150/100 

3000 

no/80 

3000 

140/90 

2900 

130/80 

2700 


•The patienl had been concrohed on one tablet of urginin (0 5 mg) daily for seven 
months prior to this date The daily dose listed in any column is earned over to the next 
date The patient t\a$ seen at two to fottr svecks intcnals so only a pan of our obsertations 
are listed above 

Table V shows the effect oE increasing and decreasing tlie duly dose 
of urgmm m a patient svith rheumatic heart disease and auricular fibril 
htion The patient had been on a maintenance dose of one tablet of 
this drug for several months (This rvas probably about the minimum 
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maintenance dose rather than the opumum ) After stopping the drug 
for three tveeks the \entricular nte had risen to a fairly high rate with 
1 moderate pulse defiat On resuming the medication the ventricular 
rate returned to a normal level and remained tliere despite a considerable 
increase in the daily dosage After four weeks on a maintenance dose 
of urginin probably iiell abote the ideal dose the ventncular rate fell 
to a low level but there i\erc no other signs or symptoms of o\erdosage 
All medication ms again stopped and e\en after a period of sik •ueeks 
the \entncular rate had not risen to the high le\el previously attained 
after only three ueeks of no medication These findings compare faior 
ably uith similar studies on this patient with several digitalis prepara 
tions and emphasizes the fact that the difference between the mtntmum 
effective dose and the maximum dose tolerated without tovic effects may 
be considerable They also suggest that the rapidity of excretion of the 
drug is probably quite similar to that of digitalis and that tins factor is 
influenced considerably by the amount of die drug previously taken 
The results m die i8 patients with auricular fibrillation who had 
previously been well controlled on digitalis preparations and were then 
placed on urginm therapy can be summarized briefly as follows Eleven 
patients were equally well controlled on uiginm therapy in two patients 
the ventTiculaT rate was aveW coniroUed but the patients did not seem 
as well as on digitalis therapy though frank cardiac failure did not occur 
die difficulty in controlling the ventricular late was encountered in one 
case after apparently sufficient dosage two patients who developed con 
gestive heart failure on urginin therapy despite incieasing the drug to 
the point of toxicity were improved by the maintenance dose of digitalis 
which had previously been effective one patient developed congestive 
heart failure probably because of progressive cardiac damage but seemed 
somewhat better on subsequent digitalis tlierapy one patient died diir 
ing the study with piobably no relation to the therapy employed 

The daily maintenance dose of uiginin as determined by clinical trial 
in these i8 patients with chionic auricular fibrillation and in the entire 
group of 4*’ patients is shown in Table VI It is seen that the most fre 
quent maintenance dose of the drug ts t to tablets (i mg) d<uf> and that 
the average maintenance dose of the uhole gfoup ts af proximalcly tins 
same figure 
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TABLE VI 

Daily MALVTE^A^CE Dose or Urcivin is 18 Patilvts ^vith CifRovic 
Auricular Fibrillation ’Who H\d Becn Controlled Premously on 
Various Dicitmjs Preparations 


Number of Cases Tablets 

2 3 

10 2 

6 1 


A\cnige daily maintenance dose of the 18 cases, approximately 
1 8 tablets each 


Daily Maintenance Dose of Urcimn in All of the 42 Patients 
Treated in This Series 


Sumber of Cases 

3 

5 

27 

7 


Per Cent 

7 I 
120 
64 3 
I6G 


Tablets 

4 

3 

2 

I 


Aierage daily maintenance dose of all 42 cases, 2 1 tablets or 
I 05 mg each 


TABLE VII 

Comparison or Dioitaus Preparations Used Clinically \t tiif 
Pennsylvania Hospital for an Eight year Period 

The clinical equnalent of approximately one cat unit is shown in grains after 
each preparation This is the average daily maintenance dose The second 
column IS the average full digitaluation dosage gucn oscr 
a period of three to six days 


Same of Preparation 

Grains 

Groms 

American Heart Association 
IPhole Leaf Tablet 

IK 

18 to 30 

Burroughs Wellcome &. Co 
IVhoIe Leaf Tablet 

IK 

18 to 30 

Digalen 

IK 

18 to 30 

Vcrodigcn 

Kttt 

Yzo to 

Digitaline — Natuelle 

Kjo 

y 0 *o Ysn 

Digoxin 

Vif 1 

Msio K 

Urginm 

«(.• 

K “ 


TNvo tablets 
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COMMENT 

In estimating the results obtained in a clinical stud) of this i\pe 
many factors otlier than the medication employed are concerned uith 
the uell being of tlie patient With any drug prolonged in action, obscr 
\ation of the patient over a penod of months is essential The mtuni 
history of the cardiac disease must be considered, as the pathological 
lesion tends to be progressne m many of these cases In a given patient, 
using digitalis or a drug of similar action, there is usually a considerable 
difference between the minimum effective dose and the maximum tolcr 
ated dose The optimum maintenance dose of a drug of this type is 
somewhere between these two extremes, and it can be determmctl 
accurately only by clinical observation In patients with severe myo- 
cardial damage, the margin of safety between effective and toxic doses 
IS often narrow In some instances toxic effects appear before beneficial 
effects are manifest Obviously, in these latter cases little or no benefit 
is derived from the use of the drug, and the course usually is unfavorable 

Previous experience with gUtcoside preparations of digitalis taught 
us to be cautious in judging the probable oral dose in man from the cat 
unit standard of the same preparation This truth was again evident m 
this study, when it was found that the dnig used (urginin) was several 
times less potent than digitalis leaves in the same cat unit dosage if both 
diaigs were given orally This lact of course, docs not intcrlere with the 
determination of the proper dosage by clinical trial, or VMth the cfficacv 
of the drug if a sufficient iniount of it is given It does suggest tint the 
drug IS insufficiently absorbed or partially destroyed by the gastrointcs 
tinal tract, or more rapidly excreted as compared VMih digitalis More 
than one of these, or even other factors may be operative in this regard 

Our observaiiions on urginm confirm those of previous authors who 
stated Its action was similar to llial of digitalis In patients v\ith cardiac 
failure, whether or not auricular fibrillation was present, beneficial cITcclv 
followed Its administration in nearly all cases The abiluy to slow the 
venmrular rate in jxatients with atincuhr fibrillation v\*as fully as striding 
as that of digitalis The effect on the rate with normal sinus rhythm v'^av 
much more difficult to cvnltiaic and certainly was not very significant 
There uas no eitdrvce of a direct dtureltc effect of the drug, the diuresis 
in edemntous fialtenls foUouing imfiroiement in the circulation, ns 
occurs u ith digitalis The effect on the electrocardiogram vns siniihr u> 
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that of digitalis ivith a delay in the A V conduction time in some patients 
and a depression of the R S T segments uhen full doses uere given The 
npidit) of action i\hen gi\en onlly was comparable to digitalis in the 
equualent dosage On cessation of the drug after a maintenance dose 
had been giten for some time its effect sull svas evident for a period of 
tv\o to five vseeks the variation in lime probably depending on both 
individual differences and whether the daily dose was near the maximum 
or minimum for that patient This compared favorably with the results 
m the same patients m previous studies with digitalis preparations 
Toxic effects of utgmin were also similar to those of digitalis Perhaps 
the most difficult toxic manifestation to evaluate in digitalis preparations 
or drugs of this type is that of nausea and vomiting The other authors 
cited who have worked with urginin felt nausea and vomiting was less 
frequent in therap) with this drug than with digitalis preparations In 
our cases two patients developed nausea and vomiting after a large initial 
dose of the drug (six to eight tablets) but were able to take the drug 
in divided doses This was not considered a manifestition of toxicity 
Two patients on a maintenance dose of the drug developed these symp. 
toms as a definite evidence of toxic effect Diarrhea developed m two 
patients who were on a maintenance dose of urginm and the sjmptoms 
seemed definitel) related to tlie drug The) were able to take digitalis 
without similar difficulty Disturbances in rh)ahm occurred in several 
patients receiving urginm therapy One patient who had been getting 
full maintenance doses of the dnig (three tablets daily) developed ven 
tncular tachycardia withm a few hours after receiving 05 Gm ( 71 ^ 
grains) of digitalis given m error Two patients developed coupling of 
i€ci(rccular premacarc belts and one patient auTicu)aT Ti'bT})}-n}Dn as a 
manifestation of toxic effect In all three the abnormal rhythm stopped 
on cessation of the drug One patient with rheumatic heart disease and 
bronchopneumonia developed auricular fibrillation during the course of 
the infection On uiginm therapy he improved somev\hat and reversion 
to normal rhythm occurred but the patient succumbed a few days later 
One patient with congestive heart failure had auricular fibrillation and 
frequent premature beats on admission Some clinical improvement 
occurred and the rhythm reverted to normal but the premature beats 
continued Later an AV nodal rhythm was present and the clinical 
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course ^\as not satisfactory although the patient sur\i\ed In one case 
%\ith normal rhythm and frequent premature ventricular contracQons 
the arrhythmia persisted after urginin therapy though there v\as clinical 
improvement 

It IS very probable that the incidence of toxic effects in the use of 
any drug of the digitalis type depends largely on the seventy of die 
cardiac damage in the patients the care with which the drug is given 
and the point to which the physician is willing to go m the attempt to 
get beneficial effects With slightly damaged heaits nausea and vomiting 
are apt to appear before disturbances in rhythm but wath severe disease 
of the myocardium disturbances in rhythm and conduction may occur 
with relatively small amounts of die drug and often with no tendency 
to gastrointestinal symptoms which suggest toxicity 

Tnie idiosyncrasy to digitalis probably is rare but gastrointestinal 
disturbances and other subjective symptoms are not uncommon vvith 
digitalis therapy It is in these cases diat a drug of the type of urgmin 
IS especially indicated 

Finally we believe tlie results of a clinical study of this type must be 
interpreted in the light of the normal variations and the personal ele- 
ment involved It is essential that a large number of patients be observed 
over a considerable period of time {One of us has personally observed 
all the patients included in this study ) The natural history of disease 
must be considered and gradual progression of the pathological lesion 
is to be expected in many cases Corapbcations especially infectious or 
embolic may alter the course of the disease It is wase to include patients 
who have never previously received any preparation of digitalis Patients 
with established auricular fibrillation and inherently rapid ventncular 
rates are the most satisfactory when one is judging the digitalmng and 
the maintenance dose of a given preparation 

There seems to be little relation between the weight of the patient 
and these doses For practical purposes the weight need not be con 
sidered The important point is to give the patient a sufficient amount 
of the preparation avoiding overdoses In a given patient tins amount 
can be determined only by clinical trial It should be remembered that 
the more severe the heart damage the less the margin of safety in using 
digitalis preparations W iih a bad myocardium toxic rhythms (preuva 
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ture beats, coupled rhythm and ventricular tachycardia) may apj^eai 
before nausea and vomiting or other signs of an o\erdose 

The release of digitalis preparations or other similarly acting drugs 
before the dosage and efBcacy are determined by adequate clinical trial 
is to be deprecated The dosage determined by biologic assay may have 
more or less than the predicted potency when the drug is administered 
orally to man Experience witli one product in which the strength for 
man was tliree times that predicted by the biologic assayii has led us 
to be cautious in eiahiating these products on the basis of animal 
experimentation. 

A better result from a gi\en product of digitalis may be due to a 
relatively greater amount of potent substance rather than to a greater 
efficacy of the product as compared to some oihei preparation This fact 
probably accounts for much of the improiement seen in patients after 
they change from one preparation to another. 

It iias long been knotvn that potent preparations of digitalis produce 
nausea and \omitmg if given m sufficient doses \Ve ha\e observed these 
symptoms with all glucoside preparations studied. Other manifestations 
of toxicity, such as coupling of premature beats, were also noted in all 
instances. There vras no evidence tJiat digitalization was effected more 
rapidly with any of the glucoside preparations than with digitalis leaves, 
when given by mouth. After cessation of the drug in a fully digitalized 
patient, "digitalis efjccts” seemed to persist for about the same length of 
time (from three to six weeks) with the various preparations. 

All the glucoside preparations tested were uniformly potent and 
stable The clinical results were similar and equal to those of standardized 
digitalis leaves w'hen given in sufficient doses, but they were in no way 
superior. If these preparations are pure substances, as claimed, it would 
seem safe to dispense with biologic assay, which would reduce the cost 
of manufacture considerably. 

It is possible that in the future the chemical isolation and standardiza- 
tion of digitalis glucosides may be the method of choice in producing 
preparations for clinical use. It seems logical, however, if all the gluco- 
sides are potent when given orally to man, tJiat the uhole leaf which 
contains all these substances may be preferable clinical!). 
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CHAPTER XXXII 


THE PREVENTION AND RELIEF OF HEART 
DISEASE AS A PUBLIC HEALTH PROBLEM 

By H M Marvin M D 

Not infrequently during the past few years the statement has been 
made that heart disease as a public health problem is receiving insufficient 
attention This is not surpnsing in view of die wide publicity accorded 
die statistics indicating a steady increase in the mortality from diseases 
of the heart which have aroused grave concern among those who have 
not troubled to analyze them and consider their implications Actually 
the available evidence would seem to indicate that the rising mortality 
rates ascribed to diseases of the heart may be interpreted as a tribute to 
the increasing efficiency of public health measures rather than as an 
indictment of them 

One reason for the concern that has found expression in criticism 
undoubtedly lies in the failure of most laymen (and many of those who 
uriie and speak on this subject) to discriminate between different ty[>e 5 
of heart disease They think and speak of heart disease as a single entity 
which It IS not they view with alarm the appalling increase in the death 
rate fiom heart disease although the increase is largely confined to a 
single type of heart disease and probably does not justify the alarm that 
has been e\pressed From the standpoint of numerical incidence the 
important types of heart disease in the United States are four m number 
they are caused respectively by rheumatic fever syphilis hypertension 
and artenoscleiosis of the coronary arteries These four types probably 
constitme from 90 to 9^ per cent of all heart disease m this country 
today and tlie small amount due to other causes may be ignored for our 
present purposes subsequent statements should be understood as apply 
mg only to these four groups 

Etiology In considering tlie etiology of the four conditions just 
named it should be noted that one (syphilis) is due to infection by a 

( 1023 ) 
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knouTi agent one (rheum-itic fe\er) is possiblj infectious in mtuie and 
the remaining tuo are thought to ha\e no relation to infectious processes 
\\ ith the single excepuon of syphilis the causes are unknouai Now there 
IS general agreement tliat Uie great increase in the death rates ascribed to 
diseases of the heart in recent years has been due almost entirelj to a 
rise m the mortality from the arteriosclerotic type This it need hardly 
be stated occurs among the older groups of the population As the 
diseases of infancy cJiildhood and early adult life has e been conquered or 
lessened by pre\enti\e measures or more intelligent treatment it is clear 
that a larger number of people will Ine to old age and must die of 
conditions tliat occur in later life in other s\ords of the so-called degen 
eratne diseases Arteriosclerosis appears to be the one process that is 
most nearly universal in elderly people and it is inevitable that the 
vessels of the heart brain and kidneys should be involved m a high 
percentage 

For reasons that are only partly known the heart is affected to a 
serious degree more often than the otlier vital structures and degen 
erative processes in this oigan become the immediate cause of death 
Far from being a cause for adverse criticism of medical practice and public 
health efficiency this fact should be a cause for congratulation since it is 
a reflection of and an inevitable result of the increasing average age 
of the population Broadly speaking the aim of preventive medicine 
should be to enable every individual to avoid or survive the diseases of 
early and middle life and to succumb ulinnately to one of the diseases 
assoaated with old age Of these arteriosclerosis of the coronary arteries 
happens to be the most frequent at the present time 

The general truth of the foregoing statement is now fairly vvadely 
recognized and accepted but this acceptance has not Jed to a perceptible 
diminution in the frequency of the statements that the public health 
aspects of heart disease are being neglected A very brief consideration 
may possibly indicate that these statements are not wholly justified 

The diseases usually regarded as falling VMtliin the jurisdiction of 
public health officials or a proper subject for study by tliem have certain 
features in common They may threaten the health of large groups of 
people because they are related to contamination of foods (milk seafoods 
meats) or the water used for drinking Tliey may affect the public health 
because of the possibility of direct or indirect spread of the disease to 
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t and Great 

Vessefs ” tie clearly described the clinical 
features of rniiral regursitaiion. aortic stenosis 
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others, as in the case of diphthena, scarlet fe\er, smallpox, and other 
acute contagious diseases. Thej maj become a matter of public concern 
because the) have a high incidence and high mortality late, yet are 
subject to effective curative treatment; acute lobar pneumonia might be 
cited as an example of this type. But it is to be noted that in almost 
e\ery instance the diseases now under discussion have speciRc and knoivn 
causes, their methods of spread are understood, and they are often sub- 
ject to prevention by means of proper measures. 

These statements cannot be applied to diseases of the heart, with 
the single exception of the syphilitic type. This is the one type of which 
the cause is known; it is the one that may be abolished by prevention, or 
by early and adequate treatment of the syphilis which is the specific cause. 
In so far as the present public health campaign against syphilis proves 
successful in reducing the incidence of the disease, just so far svill the 
deaths from syphilitic heart disease decrease. But numerically this is the 
least important of tlie four major types of heart disease. The other three 
probably comprise 90 per cent of the cases included in this discussion. 
The causes of these three are unknown There is no known method of 
preventing their occurrence and development. There is no form of treat- 
ment tliac will satisfactorily retard their rate of progress or protect the 
heart from their effects. The patient who suffers from any of them is not 
a menace to his fellows, he has not developed his disease (so far as is 
now known) through any remediable failure of medical or community 
efforts, and his illness is not subject to specific curative treatment. His 
heart disease is an individual, personal problem, of interest to the public 
and to health officers only because of the high mortality rates charged 
against it. 

For these and other reasons, diseases of the heart are not usually 
regarded by authoritative obseners as constituting an important public 
health problem. A survey of current textbooks and monographs demoted 
to public health and ple^entive medicine discloses that they either do 
not mention heart disease at all, or dismiss the subject w ith a few tvords 

PREVENTION 

From the standpoint of prevention, tliere is but little that can be 
said with confidence. In the absence of any specific factors that can be 
regarded as a cause of arteiiosclcrosis, this is now generally regarded 
as a process of ageing of tlie artery^ The oft expressed hope of preventing 
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arteriosclerosis is actual!} a hope of presenting the bod} from grouing old 
as }ears pass and there is as }et little basis for it Similarl} tlie cause or 
causes of h}pertension remain obscure although die experimental i\ork 
of Goldblatt may ultimatel} prose to have indicated that its etiology 
lies in alterations of die renal function not discoverable m their earlier 
stages by the methods now available Until the cause is known and a 
method found for abolishing or curing the etiologic condition one cannot 
hope to prevent hy^pertension or hypertensive heart disease At present 
diere is no curative method known for either the hypertension or the 
enlargement of the heart and heart failure that result from it 

Rlieumatic heart disease occupies a slightly different position Arterio 
sclerotic heart disease as already emphasized affects mainly the older 
groups of the population and is often but one of several important 
degenerative processes tint are progressing simultaneously Even if it 
were possible to cure the sclerotic process in the heart it is clear in 
many instances that the patient would succumb to other chronic changes 
in the prostate the kidneys the lungs nervous system or gastrointestinal 
tract Expressed otherw ise the cure of arteriosclerotic heart disease w ould 
not restore the individual to a normal healthy state except in a small 
and unknowTi percentage of cases But rheumatic heart disease occurs 
predominantly among children and young adults and causes widespread 
crippling and death m the earlier decades of life Tlie lesion in the 
heart is often the only abnormality from which they suffer IE rheumatic 
fever could be prevented or cured before it results m cardiac injury 
thousands of patients would be enabled lo have normal healthy activity 
during the productive years of early and middle adult life The preven 
tion of rheumatic diseases becomes therefore a matter of the most 
urgent concern and one that may properly engage the attention of 
government and public health officers In the past few years attention 
Ins been sharply focussed upon poliomyelitis as a cause of crippling in 
childhood Heartfelt sympathy has been widely expressed and millions 
of dollars have been contributed for the study and relief of the disease 
But It IS relevant to point out that from the standpoint of its incidence 
Its permanent effects upon those who survive and its mortality rate 
infantile paralysis is almost inBnitely unimportant in comparison vvith 
rheumatic heart disease The problems relating to the rheumatic tlis 
eases are far more urgent and their magnitude far greater than those 
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created by poliomyelitis, and there can be no question o£ the wisdom of 
devoting more time, thought, and money to their solution. 

For the abo\e reasons, among otliers, diseases of the heart have not 
been subject to the pietentive measures generally applied to acute infec 
dons and to such diseases as pulmonary tuberculosis Unfortunately, 
diseases of the heart (except that due to syphilis) are not preventable 
Attention has therefoie been focussed largely upon the attempt to retard 
the progress of cardiac lesions, and thus postpone the onset of heart 
failure, by enforcing the best possible treatment after the piesence of heart 
disease has been discoveied 

It has been suggested often that rheumadc heait disease should be 
treated along the same general lines as pulmonary tuberculosis, by means 
of long periods of bed rest m sanatoria. This suggestion, which is super- 
ficially attractive (and in many cases v'aliiable) overlooks two important 
considerations. The tuberculous patient is a menace to others; the 
cardiac patient is not The patient who has pulmonary tuberculosis, 
unless the process is fai advanced, may have reasonable assurance that 
proper treatment will result in arrest of the disease for an indefinite 
period and only slight modification of his normal life and activities No 
such assurance can be given truthfully to the patient Vvho has rheumatic 
heart disease. However long the initial period of rest and however careful 
the subsequent life, reactivation of the lesion in the heart or its stead) 
progiess to congestive heart failure occurs in a distressingly high propor 
tion of cases Expressed otherwise, the prognosis for life and activity is 
excellent in most cases of pulmonary tuberculosis if the disease is dis 
covered early and treated properly, while it is poor in most cases of 
rheumatic heart disease. 

The foregoing remarks may seem to emphasize unduly the discourag- 
ing aspects of heart disease and our deplorable lack of knowledge as to the 
cause, prevention, and cuie of the most important tjpes. They are not 
intended in any spirit of pessimism or hopelessness, they are merely a 
brief and inadequate statement of some of the reasons uhy diseases of the 
heart have not been, and cannot well be, explained to the general public 
as certain other diseases have been. In tiie case of cancer and tuberculosis, 
for example, the public may be truthfully assured that early recognition 
and prompt treatment will often result in virtual or complete cure and 
in indefinite extension of an active, healthy life. No such statement can 
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be made ^vith respect to diseases of the heart The general public is 
alread) far too conscious of its heart and of the \anous serious things that 
maj happen to it, if the full truth (as distinguished from the encouraging 
brilliant exceptions) ivere made knotvn, it tvould in all probability cause 
a great increase in anxiety and apprehension 

The hope for amelioration of the present situation, therefore, lies 
in better treatment of the indi\idual patient until such time as pre\entive 
or curati\e measures may be disco\ered for rheumatic fever, hypertension, 
and arteriosclerosis This, in turn, means greater emphasis upon educa 
tion of the physician and less upon education of the layman It means that 
e\ery contribution to presention, diagnosis, or treatment should be made 
knoun uithout delay to the practicing physiaans throughout the country 
It in\ol\es unremitting attempts to raise the standards of treatment in 
pritate homes, cardiac clinics, hospitals, and convalescent homes And 
It means, more than all else, unceasing elforts to find the cause or causes 
of the etiologic diseases, since all hope of pre\ention or cure rests 
ultimately upon this knowledge 

There is but one national organization in the United States which 
IS de\oted to an attempt to apply the general principles set forth abo>c 
It 15 the Ainencan Heart Association, and the chief purpose of the present 
chapter is to re\iew briefly its origin, work, and aims for those readers 
w ho may be interested 

THE ORIGIN AND WORK OF THE AMERICAN 
HEART ASSOCIATION 

HISTORICAL* 

It IS perhaps impossible to state definitely where and when the ideas 
were born that led ultimately to the formation of the American Heart 
Association indeed, it is highly probable that similar thoughts came to 
many physicians in different parts of the country at about the same time 
But the acts which appear in retrospect to ila^e been most influential 
occurred in the year 1912, and were two in number In that year 

Dr Hubert V Guile and Ins social service assistants at Belleiue Hospital 

m \eu York City began a careful and tedious study of cardiac pauents 

• For this acceiint of the formation of the Ainencan Heart Association and of the 
preceding and immcdiatel) follos.ing it ihe water is indebted to the generous help of Ur 
Robert H Halses v ho plascd such an imponam part in its desclopment Dr Hilscs has 
wTUicn a full account of the histor) of the Assooaiton and the present notes are taken from 
It iMth his permission 
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^vIuch continued foi three ^eirs the results i^ere published m 1914 by 
Miss Katherine T>ng m her Report of the Soaal Ser\ice Bureau of 
BeIIe^ue and Allied Hospitals This study demonstrated conclusnely 
that many adult patients who had heart disease could continue at self 
supporting- occupations if their uork was carefully selected and the 
patients themsehes properly supervised Careful attention to die home 
environment and conditions of work, as well as frequent examinations 
of the patient resulted m a decrease in the episodes of congestive heart 
failure Twenty eight years later this truth seems to be self evident but 
apparently this three year study was the first conclusive group demonstra 
lion of the great value of careful constant supervision of the cardiac 
patient in the clinic, in Ins home and in Ins occupation 

In the same year, the same general ideas were given practical applica 
tion by the organiration under the wise and skillful guidance of Dr 
Lewis A Conner, of the Trade Scliool for Cardiac Convalescents or 
Sharon Shop vvhich had its workshops in Sharon Conn and its office 
in New \ork City This trade school was frankly experimental and the 
patients were very carefully selected but after a sufficient period of 
observation it seemed to be clearly demonstrated that many cardiac 
patients could perform suitable work not only without injury to them 
selves but also with actual improvement in their general health 

As ev idence of similar interest in other cities m the problems of heart 
disease it should be mentioned that in 1910 Dr FriU B Talbot and 
Dr Richard M Smith of Boston had established a Children s Heart Clinic 
foi the purpose of studying acute endocarditis in childhood the conduct 
of this clinic wais later assumed by Drs Richard Eustis and Paul D ^Vh^te 
An adult cardiac clinic was started in iQi** by Dr Joseph H Pratt and 
this too was subsequently taken in charge by Dr White 

The publication by Miss Tyng of the results of the Bellevue study 
aroused great interest among a number of New 1 ork physicians and this 
was intensified when Dr Haven Emerson then Commissioner of Health 
seemed figures indicating that there might be as many as 20 000 cluldren 
with heart disease in die public schools During the winter of 1915 iC 
discussions and conferences were held in the home of Dr "Walter B James 
to determine how the number of cardiac patients might be determined 
and what measures could be taken to help them It was partly a rtaliza 
tion of the lack of accurate information reUting to heart disease niuch 
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led to the formation of the Association for the Pre\ention and Relief of 
Heart Disease at the home of Dr James on May 2 1916 Among those 
taking an active part in the organization and subsequent i\ork of this 
Association were Drs B James T B Barringer L A Conner 
Warren Coleman N L Deming Haven Emerson R H Halsey T 
Stuart Hart and Alexander Lambert Miss M L \Voughter was selected 
as Executive Secretar> and an office was provided bj the Burke Foiinda 
tion m connection with its own offices in East 57th Street The objects 
and purposes of the new Association were stated as follows To gather 
data from wide sources and arrange for its practical application in ediica 
tion occupation and social welfare to study and develop occupations 
and vocational guidance for cardiacs in standard trades and situations 
as well as in special lines as alread) begun to take a formative interest 
in workmens compensation insurance and similar problems affecting 
cardiac patients to assist m the formation of more cardiac classes in 
appropriate districts and to extend and correlate their efforts to work 
constantly for the prevention of heart disease through the dissemination 
of information and the application of preventive means (as in increased 
facilities for postrheuinatic throat and dental treatments) to organize 
cardiac convalescence to provide larger opportunities in existing insntu 
tions especiall) for ■jouth to assist in coordinating the various efforts 
in this field as made b) health departments schools cardiac classes special 
mv estigators the T ade School for Cardiacs etc and to encourage the 
formation of branch associations 

The first endeavor of the Association was to encourage the formation 
of cardiac classes m other hospitals and out patient departments similar 
to the one at Bellevue The suggestion was received so cordiall) that 
within a short time 20 clinics had been formed and these continued to 
function through the period of the war (1917 to 1919) v\hen the activi 
ties of the parent Association were temporanl) suspended Almost as 
soon as clinics began to function u became apparent that there was urgent 
need for snandardization of methods and nomenclature and as earl) as 
Februar) 1917 an Association of Cardiac Clinics was formed for this 
puipose This was an independent organization until Februar) iQ-’g 
when It became a committee of the Association for tlie Prevention and 
Relief of Heart Disease It is interesting to observe that within about 
two months of its formation the Assoaation of Cardiac Chnics had 
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de\elopcd a s>stem for chssiftcation of cardiac patients The follo^ung 
scheme from ivhich die modern classification has grown nas adopted 
on Apnl 30 1917 

All Clinics Use v Commov Standard for Classifying Cases 
I Organic (symptoms of insuffiaenc) never e\ident) 

II Organic (symptoms of insufficienc) in die past not present) 

III Organic (symptoms of msufiicienq present) 

IV Possible Heart Disease (doubtful murmurs mainly functional 

possibl} organic) 

\ Potential Heart Disease (predisposing histoiy) 

"Within a short time this was found to be unsatisfactor) and on 
February 2 up*! the Association of Cardnc Clinics altered it to the 
following 

The Functional CLASSincATioN or Cardiac Pvtients 

Chss I Patients with organic heart disease wJio arc able to ciitj on 
their habuinl physical aciivity 

Class n lauents with oigamc heart disease who are able to carry on 
diminished physiol activity 
(fl) Shgiuly decreased 
(b) Greatly decreased 

Chss III Patients vMth organic heart disease who are unable to carry on 
any physical activity 

Chss I\ Pitienis with fosstble heart disease Pniienis who have abnor 
mal plivsical signs in the heart but m v horn the general 
picture or the character of the physical signs leads us to 
beheie that they do nor originate from cardiac disease 

Class V Patients with potential heart disease Patients who do not 
have iny suggestion of ordne disease but who are suffering 
from an infectious comhiion nhicli may be accompanied by 
such disease e g rheumatic fever tonsillitis chorea syph 
ills etc 

It may be noted in passing that tlm classification was adopted ilirough 
out the United States witlim a few years and remained in general use 
until 1939 when a slightly different one was recommended by the Cnicin 
Committee of the New York Heart Assoaation and adopted by the 
American FZeart Association 

The accomplishments problems and aims of the Association foi tlie 
Prevention and Relief of Heart Disease and of the Association of Cardiac 



1052 


CARDIOVASCULAR DISEASE 


Clinics were made kno^m to large numbers of ph^-sicians attending the 
annual sessions of the American Medical Assoaation i\ith the result that 
requests for information and assistance began to come in increasing 
\oIume from cities all o\er the United States B> 1922 the interest of 
other cities \vzs so apparent that it seemed proper to consider the possi 
bilit) of creating a bod) of national scope In April of tins year iniita 
uons uere sent b) the Neiv York group to approximate!) 100 ph)siaans 
from all parts of the countr) to meet at the Hotel Clandge in St Loins 
Mo on ^V^ednesda) Ma) 24 1922, at the time of the annual session of 
the American Medical Assoaation Fort) six accepted the invitation and 
under the chairmanship of Dr Robert H Halse), discussed the necessit) 
for a neu organization * A tentauve plan drawn up b) the Neu \ork 
group v\as presented b) Dr Haven Emerson and was ducussed b) 
Dr Herrick President of the Chicago Association Dr Sailer, President 
of the Philadelphia Assoaation, Dr Paul ^Vhite, Chairman of the Boston 
Association of Cardiac CImics Dr Tha)er of Baltimore, and others 
When It WHS clear that the sentiment of the meeting was in favor of 
proceeding with the formation of a national bod), the chairman of the 
meeting v\as empowered to appoint a committee of five men to proceed 
vMth the details of organization The committee as appointed consisted 
of Dr Lewis A Conner, Chairman and Drs James B Hemck Hugh 
McCulloch Joseph Sailer, and Paul D AVTiue VMth Dr Robert H Halse) 
ns n member ex offiao 

The committee selected the name American Heart Assoaniion because 
of Its brevit) and also because it included Canada Central America, and 
South America It was decided to incorporate under tlie Membership 
Corporations Law of New Aork State Informal conferences iMth mem 


• The available records 
meeting* 

Dr Alexander Lambert 
Dr VV S Thayer 
Dr VV A Rii|« 

Dr NeutonS Stem 
Dr J E. Benjamin 
Dr A.D Kai<CT 
Dr Fred M Smiih 
Dr VV Dicl-envon 
Dr T Homer Coffen 
Dr S dne> Strauss 
Dr F A Vvniius 
Dr Mcirill M Myers 
Dr H E.B Pardee 
Dr Hugh McCulloch 


indicate that the following s 

Dr J B HemcL 
Dr loseph Sailer 
Dr RobCTtC Giles 
Dr Hane> M Esung 
Dr JohnAdwimn 
Dr Drew Lute** 

Dr E.F Honiie 
Dr S C Smith 
Dr IohnVV)cl.off 
Dr K E.Mod. 

Dr Cary Ifelestoti 
Dr Robert B Preble 
Dr VV F VVatton 
MiuH E.Heiko 


among those who attended this 

Dr Robert H Halsej 
Dr Paul D WTi te 
Dr Wm IT Deadenck 
Dr Vrihiir E. Strauss 
Dr VVtll amD Stroud 
Dr I \ Creetichaum 
Dr LoiisF B ‘hop 
Dr Jam« E.TaIl«7 
Dr VV VV Hamburger 
Dr John Ph llip* 

Dr Walter L.n emng 
Dr S G. Gilbert 
Dr Hasen Emerson 
MissM L.VVoughter 
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bers from \arious aties ■were held during tlie annual session of the 
American Medical Association in 1923 and on March 1 j, 1924, the 
Certificate of Incorporation was drawn up and signed by Drs Robert B 
Preble, Joseph Sailer, Paul D White, Hugh McCullodi, Robert H 
Halsey, and Lewis A Conner The Certificate ivas approied on Ma) 14, 
1924, by the Commissioner of Education Mr F P Gra\es, and on May 
20, 1924, by Supreme Court Jusuce Geigench This official permission 
for a national organization was presented at the meeting of the American 
Medical Association in Chicago On June 10, 1924, the formality of 
organization was completed by election of the first Board of Directors 
and the election by this Board of the first officers and the Executise 
Committee, to hold office until the first annual meeting m February, 1925 
The officers a\ ere President, Dr Lewis A Conner, Vice President Dr 
James B Hemck, Secretary, Dr Robert H Halsey, Treasurer, Dr Paul 
D White The Executive Committee consisted of Dr T Stuart Hart, 
Chairman, and Drs Ha\en Emerson Joseph Sailer, ^VIIllam D Stroud 
^Villiam H Robey, and ilie President and Secretary* 

The purposes of the American Heart Association as set forth in the 
Certificate of Incorporation are The study and the dissemination and 
application of knowledge concerning the causes, treatment, and preven 
tion of heart disease, the gathering of information on heart disease the 
deselopment and application of measures that avill present heart disease, 
searcii for and provision of occupations suitable for patients svith heart 
disease the promotion of the establishment of special dispensary classes 
for patients with heart disease the extension of opportunities for ade 
qinte care of cardiac coni alescents the promotion of permanent institii 
tional care for such cardiac patients as are hopelessly incapacitated for 
self support and the encouragement and establishment of local assoaa 
tions with similar objects throughout the United Stales It is specifically 
stated that ‘ notlnng in the foregoing objects and purposes is to be con 
strued as giamg the corporation authority for the conduct of a dispensary 
or institution of a charitable, eleemosyaiary, correctional, or reformatory 
character ‘ 


• The lo Directors clecied at this roecimg Dr Joseph Sailer Dr George W ^oms 
and Dr William D Sinmd Philadelphia Dr lames B HerneV. Dr Robert B Preble and 
Dr Sdney Strains Chiraao Dr Paul D White Dr Henr) JacUon and Dr William II 
Robes Jr Boston Dt Hasen Emerson Dr Robert H Hahe> Dr T Stuart Hart and Dr 
Lei IS \ Conner New \orL Cit) Dr Charles J Mclni)re of Indianapolis and Dr Hugh 
IfcCotloch of St Louis 
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Eight )ears after its formation a more specific program for tlie guid 
ance of the Association i\as prepared by a large committee under the 
ivise leadership of Dr John Wyckoff This uas published in the Bulletin 
of the Association for July 193** and the follouing abbreviated version 
will indicate its general nature 

The general purposes of the American Heart Association shall be to 
increase the knowledge and stimulate interest in diseases of the heart 
and to promote agencies for the prevention and care of this class of disease 
To accomplish this the Association is interested in the follovvmg 
(1) The continued improvement of the central organization and its 
maintenance at a high level of efficiency (2) continuing and amplifying 
the educational activities of the Association by the preparation publica 
tion and distribution of books pamphlets and abstracts bearing on the 
subject of heart disease (3) fostering the establishment of local heart 
associations in cooperation with tlie organized profession and vshenever 
possible with existing health organizations (4) promoting the establish 
ment of additional efficient cardiac clinics where needed and encouraging 
the maintenance of all clinics at the highest possible efficiency (5) dev el 
oping adequate hospitalization for cardiac patients during die stage of 
infection or heart failure whether such condition be temporary or per 
manent (6) encouraging the development of convalescent care for 
patients VMth diseases of the heart by developing additional institutions 
by disseminating knowledge concerning methods of handling patients 
convalescent from heart failure and infection and by fostering the devel 
opment of a program of convalescent care m the home (7) a consider! 
tion of the need of sanatorium care for cardiac patients with active 
rheumatic fever (8) development of a policy as to the best management 
of children of school and presdiool age who have diseases of the heart 
(9) efforts to develop economic independence v»,hen possible among 
patients with diseases of the heart by means of occupational thenjiy 
vocational guidance trade schools and die development of interest among 
bureaus and agencies for the handicapped (10) the development of 
graduate instruction (11) the promotion of investigations (i'*) increis 
ing the funds of the Association for general purposes for specific projects 
and for endowment by means of increasing its membership and by 
solicitation of individuals and foundations 
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A feu of die more important landmarks m the de\elopment of the 
Assocnuon after I9''4 mi) be meiiuoned briefij In Ma> 1925 there 
u-is authorized die publication of a Bulletin uliich should be essentnll) 
a neus \ehicle for the information and guidance of interested groups 
For some )ears this uas published bimontlily but uais then changed to 
a quarter!) publication In die same year a committee uas appointed 
under the chairmanship of Dr Millnm D Stroud to consider the matter 
of a standard nomenclature for diseases of the heart After many con 
ferences a nomenclature uas approxed by the Association and published 
m the American Heart Journal of December 1926 By 1928 the Criteria 
Committee of die Neu ^ork Heart Association (then the Heart Coin 
mittee of the Neu \ork Tuberculosis and Health Assocnuon) composed 
of Drs Josepli H Biinton Robeic L Lexy \V C Munly and Harold 
E B Pardee had prepared a book entitled Cnterta for the Classification 
and Diagnosis of Heart Disease uhich uas approved and adopted by 
the American Heart Association This splendid book is nou (1940) in 
Its fourth edition has been steadily improved and enlarged and has had 
a wide and beneficial influence upon the education and practice of 
physicians throughout the country The American Heart Association has 
acted ns the distributor of this volume from the very beginning ind 
cooperated in the publication of the first three ediuons The title of the 
current edition has been altered to Nomenclature and Criteria for Ding 
nosis of Diseases of the Heart 

In “May I9*»j the Association aiiiliorized the publication of a special 
journal for the presentation of papers relating to diseases of the heart 
and the first issue of tlie Avxeucan Heart Journal appeared in October 
i9'»5 under the editorship of Dr Lewis A Conner For the first ten 
yens It uas published bimonthly but m 1936 it became a monthly 
journal From the very beginning Dr Conner insisted that the Journal 
must be under the editorial supervision of the American Heart Associa 
tion and he often consulted the Directors about various matters It uas 
not unii! some years later however that formal agreements were con 
eluded which made die Journal the offiaal organ of the Association and 
under its direct editorial control Under the editorship of Dr Conner 
and Dr Hugh McCulloch the Journal became and has since remained 
the leading journal of the world in its special field In 193G Dr Conner 
resigned as editor and uas succeeded by Dr Fred M Smith 
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In January, 1932, there appeared tlie first issue of a special leaflet 
authorized by the Association in response to many requests. This was 
known as “Modern Concepts of Cardios'ascular Disease," and has been 
published monthly for eight years. 'With a few exceptions, each number 
has consisted of an entire article written especially for the Concepts 
by some eminent authority irndted by the editor. The object of these 
leaflets tvas to keep practicing physicians informed of current advances 
and developments in the cardiovascular field, and especially to present 
them regularly with authoritative reviews of the available knowledge 
respecting important and practical aspects of diagnosis, prognosis, and 
treatment. 

A most important change in the fundamental nature of the Associauon 
took place in 1936, when a Section for ilie Study of the Peripheral Cir- 
culation tvas added. For several years preceding this it svas realized that 
interest in the physiology and diseases of the vascular system u'as increas- 
ing very rapidly, and it seemed clear that a society would soon be formed 
by those who were actively working in this field. It was the belief of the 
majority of both the “heart specialists” and the “vascular specialists" tliat 
the study of the heart and of the peripheral circulation sltould not be 
separated, since they represented two integral parts of one system. After 
many conferences, a large group of men interested in the study of the 
peripheral circulation organized as a Section of the American Heart 
Association, becoming an important part of the older oi^nization but 
trith their own officers, committees, and by-laws. At the same time, partly 
because of the requirements of this added Section and partly in response 
to widespread criticism, the number of Directors of the Association was 
increased from 15 to 25 (later modified to read “not less than 25 and 
not more than 30") , and the Section for Uie Study of tlie Peripheral 
Circulation tvas given appropriate representation on the Board. Repre- 
sentatives of this Section were added to the editorial board of the Amer- 
ican Heart Journal, and Dr. Irving S. Wright became an Associiite Editor 
in charge of the papers relating to vascular disease and phystolog}’. In 
January, 1936, the Journal became a monthly instead of a bimontltly 
publication in order to provide space for the increasing number of excel- 
lent contributions and for articles relating to the peripheral circulation. 

In May, 1937, the first international radio broadcast devoted to health 
was arranged and sponsored jointly by the American Heart Association 



HEART DISEASE AS A PUBLIC HEALTH PROGRAM 1037 

and Imngton House (a convalescent hospital for cardiac children at 
Irvington-on-Hudson, N. Y,). The National Broadcasting Company gen- 
erously gave their services and facilities u-ithout charge. The general 
subject of the half-hour program was “Rheumatic Heart Disease in Child- 
hood,” and ilie speakers included Lord Horder, who spoke from England, 
Dr. William J. Kerr (then President of the Association) , who spoke from 
San Francisco, Dr. Homer F. Swift of Neu’ York, and Dr. T. Duckett 
Jones of Boston. The commentator was Dr. Howard Haggard of New 
Haven. 

1937. in response to a steadily growing demand, the Association 
appointed a committee of distinguished investigators and clinicians to 
study the confused situation that had been created by the introduction 
of a precordial lead into clinical electrocardiography a feu' years earlier. 
There was no uniformity of procedure or nomenclature, and it w'as 
becoming increasingly dilficuU to interpret and appraise the results 
reported by different obserAers. The Committee appointed for this study 
consisted of Dr. Frank N. Wilson, Chairman, and Drs. Arlie R. Barnes, 
Harold E. B. Pardee, Paul D. ^Vhite, and Charles C. "Wolfertli. Their 
work was done in close cooperation with a corresponding committee of 
the Cardiac Society of Great Britain and Ireland, which included Drs. 
D. Evan Bedford, John Cowan, A. N. Drury, I. G. WK Hilt, John 
Parkinson, and P. H. Wood. After some months of meetings and corre- 
spondence it was possible w arrive at conclusions which w’ere acceptable 
to the full membership of both Committees. These were published under 
the title “Standardization of Precordial Leads: Joint Recommendations 
of the American Heart Assocation and the Cardiac Society of Gre.at 
Britain and Ireland” in the American Heart Journal and Journal of the 
Arnerican Medical Associalioii early in 1938, and simultaneously in the 
British Medical Journal and tlie Lancet. After the lapse of two years it 
is possible to add that the recommendations of this report were widely 
accepted by investigators and practitioners, with the result that almost 
complete uniformity of procedure has been secured. 

This matter is mentioned at some length because of its implications. 
The results achieved by this committee indicated clearly that order could 
be brought out of chaos if a national oiganization would sponsor the 
necessary action and would work through a group of men wiiose knowl- 
edge and standing could not be questioned. But they also revealed the 
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possibility of harmonious and helpful cooperation between the two great 
English-speaking nations in matters of scientific interest and importance. 

About a year and a half later a similar procedure was followed ^\’ith 
respect to the standardization of blood pressure readings. Investigations 
by Dr. Irt'ing S. Wright and his coworkers had revealed a surprising lack 
of uniformity in the teaching of medical students and in the procedures 
employed by practicing physicians with respect to the determination of 
the blood pressure. A committee w-as appointed by the American Heart 
Association, composed of Dr. Ir\'ing S. Wright, Chairman, and Drs. 
M. H. Barker, Joseph Erlanger, Jonathan Meakiiis, Ralph Schneider, 

S. B. Scholz, Jr., Harry Ungerleider, Paul D. White, and Carl ^Viggers. 
This group worked in close cooperation with a committee appointed for 
the purpose by the Cardiac Society of Great Britain and Ireland, con- 
sisting of Dr. Maurice Campbell, Chairman, and Drs. Crichton Bramwell, 

T. F. Cotton, ^Villiam Evans, A. R. Gilclirist, and John Hay. There were 
only one or two minor differences of opinion between the tuo committees, 
and a joint report was again published simultaneously in the two English 
and ttvo American journals mentioned above. This appeared in July, 
iggg, under the title “Standardization of Blood Piessure Readings: Joint 
Recommendations of the American Heart Association and the Cardiac 
Society of Great Britain and Ireland.” 

ACTIVITIES OF THE ASSOCIATION 

The general nature of the work performed by the Association has 
been indicated to some extent in the preceding pages. It may be defined 
broadly as educational; the collection, correlation, and distribution of 
all types of educational and informational material relating to the normal 
and abnormal heart and vascular system. Its educational efforts extend 
in many directions, but in lecent years have applied more to physicwns 
than to laymen, partly for the reasons stated in the earlier pages of this 
chapter. No attempt svill be made to gi\e a comprehensive list of the 
past and present activities of the Association, but a few may be cited 
as illustrative. 

Meetings; It holds an annual scientific meeting lasting two days, 
just prior to the annual session of the American Medical Association. 
On one day the program is composed of papers relating primarily to the 
heart; on the other, to papers concerned mainly with the periplicral 
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that the> have been an important contribution to the special education 
o£ the practicing physician 

The relation of tlie Assoaauon to the Atnerican Heart Journal has 
been mentioned briefly above 

In addition to its onn publications the Association acts as the mtiornl 
distributor for the invaluable Nomenclature ami Criteria for Diagnosis 
of Diseases of the Heart, prepared by the Criteria Committee of the New 
Aork Heart Association The fourth edition avhich appealed in 1939 
IS a notesxorthy achievement and has been accorded great praise 

Other Educational Activities Another type of educational activity 
consists of the preparation and distribution of sucli material as draumgs 
of the heart, charts, lantern slides, silent films sound films modek of 
the heart in health and disease, outlines of lectures printed forms for use 
in cardiac clinics and pamphlets relating to various aspects of heart 
disease Most of this material is prepared in response to numerous 
requests, usually by one of the subcommittees of the Committee on 
Education and Publicity or by some other eminently qualified autlionty 
selected by them There is .a v\ide, constant, and grovsmg demand for 
all this material, and for much that 1$ not yet available Much of the 
printed matter is distributed free lantern slides films and models are 
rented for a nominal fee or sold 

Clinics Approximately 70 cardiac clinics or heart associations are 
affiliated members of the Assoaation Standards for the organization and 
conduct of sudi clinics ln\e been established by Uie Association and 
no clinic IS accepted into membership unless its personnel and the dnr 
acter of its ssork fulfill these standards Regular reports are received 
from the dimes, and a renewal application is filed each year FfTorts are 
made to maintain a high level of efficiency m ihe work of the chrnts and 
to encourage the formation of new dimes in localities where they are 
needed 

Similar standard requiremenis for die organization and functioning 
of vascular clinics have recently been completed by the Vasailar Section 
of the Association, and it is hoped Unt many such clinics will soon be 
admitted to affiliated membership 

In addition to the specific activities mentioned above tiierc are hi 
erally hundreds of problems and questions presented anmially by mem 
bers, dimes, hospitals otfier heart associations authors of books or 
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magazine articles who desire niuhoritative information, book publishers, 
manufactureis, local or State health officers, welfare departments, social 
workers, nurses, teachers, and many others. Every question receives care- 
ful consideration and answer; if it is of sufficient importance, it is referred 
to the proper committee or to the Board of Directors. 

METHOD OP WORK 

It has been clearly implied in the foregoing pages that the work of 
the /Vssociation is accomplished lai-gely by means of committees appointed 
annually. ]\fan> of these serve contintroiisly, with dianges in tiieir mem- 
bership even’ >ear or two, while others are appointed for special purposes 
and ate disbanded upon accomplishinent of their work. The final author- 
ity rests in the Board of Directors; this consists of not less than 25 and 
not more than 30 directors who are elected by ballot of all the members. 
Tile United States and Canada arc divided mto five geographical regions, 
each of which must have foui representatives on the Board; in addition, 
Uie four officeis and the editor-in chief of the American Heart Journal 
are directors ex officio. The Board usually meets at least twice annually, 
but throughout the year various matters are placed before the members 
by mail. The Executive Committee of tlie Board, which consists of ten 
members appointed by the President, meets at more frequent intervals 
whenever the amount or importance ot accumulated material necessi- 
tates it. 

A list of the present Directors and of the various committees is given 
below. It should be noted, however, that the personnel changes to some 
extent every year, and this list is corieci only for the year igjo. 

In connection witli the publication of this list, the present writer can- 
not refrain fiom adding a more personal word. It has been my ])rivilege 
for the past few years to .act as the Executive Secretary of the Association 
and as Chairman of its Executive Committee; the contributions of the 
men named below and of their predecessors are probably better known 
to me than to any otlier one person. It would be impossible adequately 
to praise the m.agnificent spirit displayed by these scores of busy, eminent 
men, who give freely of their time and tJiought with no remuneration 
other than their consciousness of helping a worthy cause in which they 
are interested. Members of the Board and of various committees often 
travel long distances in order to attend meetings in New York, even 
tliough they must pay all their expenses to do so. They cheerfully accept 
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tedious assignments that require neeks or months of hard t\ork for their 
completion Their attitude is tvholly idealistic, I hate neter knotvn m 
an> other group such complete absence of all thought of self and of 
personal rettard Much of the most important and time-consuming tvork 
of the Association is done by men ttliose contribution remains unknown 
except perhaps to tJie members of the Ebteciitive Committee Eten m 
the medical profession, t\uh its glorious tradition of unselfish sertice, it 
must be rare indeed to find a large group so unified in spirit, so willing 
to give much and ask nothing in return, so earnest in considering the 
welfare of others and the best means of promoting it If the American 
Heart Association has grown in size and in lielpful influence, it is largely 
because of the continuous and unselfish de\otioii that has characterized 
die attitude of its officers, directors, .and committee members It is a 
priMlege to pay them the tiibiite of this biief and inadequate word 
of praise 

OFFICERS OF THE AMERICAN HEART ASSOCIATION FOR 1940 
Piestdeiit Dr ^Vll.uvMD Stroud, Philadelphia 

Vtce Piesidcni Dr P\ul D White, Boston 

Secretaty Dr How ard B SriucuE, Boston 

Tieasuier Dr Walter IV' Hamburger, Chic.ago 

BOARD OF DIRECTORS 

Dr T Homer Coffen, Portland Dr Tliomas M McMillan, 

Dr Clarence de la Chapelle, Philadelphia 

New York City Dr Jonathan Meakins, Montreal 

Dr ^Villiam Dock, San Francisco Dr Franklin Nuziim,* Santa Barbara 

Dr Hugh Farris, St John, N B Dr Stewart R> Roberts, Atlanta 

Dr VYaherW Hamburger, Chicago Dr Roy W Scott,* Clesclaiul 
Dr George R Herrmann Caheston Dr FredM Smith, Iowa Cil) 

Dr Emmet F Honne,* Louissille Dr Howard B Sprague,* Boston 

Dr T Duckett Jones, Boston Dr William D Stroud,* Philadelphi-* 

Dr Emanuel Libman,* New york City Dr Louis y'lko. Salt Lake Cit\ 

Dr Drew Luten St Louis Dr Paul D M'hite,* Boston 

Dr Gilbert Marquardi, Chicago Dr Frank N yvhlson, Ann Arbor 

Dr H M Manin,* New Haien Dr IningS Wright,* New York City 

Dr EdwinP Maynard Jr .•Brooklyn Dr Wallace M yatcr.W^ashingion D C 


Fsccmnc Cominiiiec 



HELVRT DISRASI as a PUBUC Hr-ILTII IROGR \M 1013 


COMMITTEE ON EDUCATION AND PUBLICITY 


Dr Edwin P Majnard Jr Chairman 
Brooklj-n 

Dr WilInmH Bunn \oungstown 
Dr Rufus B Cnm Rochester N \ 
Dr J Hamilton Cranford Brookivn 
Dr Cars Eggleston Ncs\ YorkCit> 

Dr Leslie T Gager ’Washington D i 


Dr Tinsley Harrison Nashville 
Dr Samuel A Lesine Boston 
Dr Hugh McCullocIi St Louis 
Dr FredM Smith Iona City 
Dr F A ^\ ilhiis Rodiester Alinn 
Dr J Ednm^\ood Jr 
Unnersity \a 


SUB COMMITTEES OP COMMITTEE ON EDUCATION AND PUBLICITY 
Committee on Charts and Exh bits 

Dr Thomas M McMillan Chairman Dr Charles E kossminn 
Philadelphia I\e« korkCitj 

Dr NomianE Freeman Philadelphia Dr HamsonS Martlancl Iseisark 
Dr ArtluirM Master kcukorkCity 


Committee on Films and SI des 

Dr Clarence dc la Chapelle Dr Robert W Langle\ Los Angelo 

Chairman New York City Dr Chi ton J Lundy Chicago 

Dr Charles E Kossmann Nets York City 

Committee on Leaflets and Pamphlets 
Dr HotsardB Sprague Chairman Boston 
Comrniitee on Modern Concepts oS Cardiovasrular Disease 
Dr James G Carr Dr Gilbert H Marquardt 

Editor Chicago Associate Editor Chicago 

COMMITTEE ON PROGRAM FOR SCIENTIFIC SESSIONS 
Dr Roy ^Y Scott Chairman Dr William H Bunn \oiingstot n 

Cletcland Dr Curtis F Garvin Cleveland 


COMMITTEE ON JitEMBSRSHIP 


Dr Drew Luten Chainnan St Loins 
Dr Graham Asher Kansas City 
Dr Arhe R Barnes Rochester Minn 
Dr Clough T Burnett Denver 
Dr Joseph H Cannon Cliarlcsion 
Dr T Homer CofFen Portland 
Dr W allergy Hamburger Chicago 
Dr Emmet F Honne Louisville 
Dr William J Kerr San Francisco 
Dr y\ illiam M LePevTc 
Muskegon Midi 


Dr J H 'Musser New Orkins 
Dr Stewart R Roberts Atlanta 
Dr William H Robey Boston 
Dr E Lee Shrader St Lotus 
DrWilhamD Stroud Pliihiltlpliia 
Dr Arthur G Sullivan 

HotSpnngs National Park 
Dr Louis E A iko Salt I akc Citv 
Di Merritt B Wlutttn Dallas 
Dr W alter J Wilson Dciroii 
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COMMITTEE ON CARDIAC CLINICS 


Dr William D Stroud, Chairman 
Philadelphia 

Dr George R Herrmann, Galveston 
Dr William J Kerr, San Franasco 


Dr H M Marvin, New Haven 
Dr Hugh McCullocli, St Louis 
Dr Stewart R Roberts, Atlanta 
Dr Howard B Sprague, Boston 


COMMITTEE ON RHEUMATIC DISEASES 
Dr T Duckett Jones, Chairman. Dr Edward F Bland, Boston 
Boston Dr Ethel C Dunham, 

Dr Arthur C DeGraff, Vice Chairman Washington, D C 

New York City Dr O F Hedle), Philadelphia 

Dr Ann G Kuttner, Secretary, Dr Hugh McCullocli, St Louis 

Irvington, N Y Dr Homer Swift, New York City 


Advisory Group to Committee on Rheumatic Diseases 
Dr John Keith, Toronto Dr William D Stroud, Philadelphia 

Dr JohnR Paul, New Haven Dr Helen Taussig, Baltimore 

Dr M J Shapiro, Minneapolis 

COMMITTEE ON ACTIVITIES 

Dr Howard B Sprague, Chairman, Dr PhlUl]>^V Morgan, Emporia 
Boston Dr Stewart R Roberts, Atlanta 

Dr John Hepburn, Toronto Dr H M Marvin, 

Dr J G Fred Hiss Syracuse New Haven, ex officio 

Dr ^YllIlamJ Kerr, San Francisco Dr ^VllhamD Stroud, 

Dr Samuel A Levine, Boston Philadelphia, e\ officio 

COMMITTEE TO STUDY CORONARY ARTERY DISEASE 
Dr'WilIiamD Stroud, Chairman, Dr H M. Marvin, New’ Haven 
Philadelphia Dr Jonathan Meakins Montreal 

Dr Harry E Ungerleider, Secretary Dr John H Musser, New Orleans 

New York Guy Dr M H Nathanson, Los Angeles 

Dr David P Barr, St Louis Dr Howard B Sprague, Boston 

Dr James B Herrick, Chicago Dr PaulD White, Boston 

Dr William J Kerr, San Francisco 

COMMITTEE ON NOMINATIONS 

Dr Thomas M McMillan, Cliairman, Dr Robert H Halsey, New York City 
Philadelphia Dr George R Herrmann, Galveston 

Dr James G Carr Chicago Dr William J Kerr, San Irancisco 

Dr Hugh A Farris, St John, N B Dr Irvine H Page, Indianapolis 

COMMITTEE TO COOPERATE WITH THE AMERICAN 
BOARD OF INTERNAL MEDICINE 
Dr H M Marvin, New Haven Dr IningS Wright, New ^ork City 

Dr William D Stroud, Philadelphia 
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COMMITTEE OM THERAPY 

Dr Soma Weiss Chairman Boston Dr Robert A Hatcher, New \orkCit) 
Di Haven Emerson. New York City Dr Robert L Levy New York City 

Dr Harry Gold New York City Dr DrewLuten St Louis 

COMMITTEE ON STANDARDIZATION OF PRECORDIAL LEADS 
Di Frank N ^VlIso^ Chairman Dr Harold E B Pardee, New York City 

Ann Arbor Dr PauID White Boston 

Dr AiheR Barnes Rochester Minn Dr Charles C Wolferth Philadelphia 

COMMITTEE ON STANDARDIZATION OF BLOOD PRESSURE READINGS 
Dr Irving S IVnght, Chairman Dr S B Scliolz, Jr, Philadelphia 

New YorkCii} Dr Harry E Ungerleider, 

Dr M H Barker, Chicago New \ork City 

Dr Joseph Erlangcr St Louis Dr Paul D \Vhite Boston 

Dr Jonathan Meakms Montreal Dr CarlWbggers Cleveland 
Dr Ralph Schneider New York City 

SECTION FOR THE STUDY OF THE 
PERIPHERAL CIRCULATION 
OFFICERS 

Chairman Dr Irvjse H Pace 

Vice Chairman Dr Wallace M \ vter 

Secretary Treasurer Dr Norman E Freeman 

COMMITTEE ON NOMINATIONS AND MEMBERSHIP 
Dr ^SilhamJ Rerr Chairman Dr Robert R Linton, Boston 

San Francisco Dr Lotus G Herrmann Cincinnati 

Dr M Herbert Barker Chicago Dr J Ross Veal New Orleans 

COMMITTEE ON PROGRAM FOR SCIENTIFIC SESSIONS 
Dr ^Yilliam Goldring Chairman Dr Edgar V Allen Rochester 
New York Cicy Dr Richard B Capps Chicago 

Dr James Bordle), in Baltimore Dr IrvingS Wright, New \ork Cit) 

COMMITTEE ON NOMENCLATURE 
Dr Eugene M Landis General Chairman Philadelphia 

A Diseases of Extremities 

Dr J Murra) Steele Netr York Cny Dr Nelson W Barker, Rochester 
Dr Gerald Pratt New York City 

B Hypertension Nephritis, and Associated Diseases of Blood Vessels 
Dr Edgar V Allen Rocliester Dr ’William Coldnng New York Cny 

Dr Norman E Freeman Philadelphia Dr James Bordlej, HI. Baltimore 
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COMMITTEE ON ABSTRACTS 

Dr J Mum> Steele Clnirnnn Dr Ashle> Oughterson Neu Ha^en 

iSe^s \ork Cit) Dr TcresaMcGo\ern,Ncw\orkCity 

COMMITTEE ON STANDARDIZATION OF VASCULAR CLINICS 
Dr \ MilburDurjee Chnimian Dr Hugh Monlgomer), Pliiladelphn 
J'ew lorkCitv Dr E A Eduards Boston 

Dr Edgar A Hines Rodicster Dr Louts Herrmann Cincinnati 

Dr Gilbert Marquardt Chicago 


PAST OFFICERS OF THE AMERICAN HEART ASSOCIATION 


1 cm 

President 

Vice President 

1924 1925 

Dr Lewis A Conner 

Dr James B Herrick 

1925 1926 

Dr Joseph Sailer 

Dr James B Herrick 

1927 1928 

Dr James B Herrick 

Dr irdliam H Robey 

1929 1930 

Dr ^Vilham H Robey 

Dr Haven Emerson 

1931 1932 

Dr Robert H Halsey 

Dr Roberts Preble 

1933 1934 

Dr StevxirtR Roberts 

Dr JolmWyckoff 

193a 1936 

Dr JolmWyckoff 

Dr W'llliamJ Kerr 

1937 1938 

Dr 'WilhamJ Kerr 

Dr William D Stroud 

1939 1940 

Dr \\ itliam D Stroud 

Dr PaulD W'hitc 


AIMS 

Those vho direct the tvork of the AsscK:ntion hope tint it maj ulti 
tmtely meet more adequately the challenge of cardiovascular diseases, 
especially of those vvhicli cripple or kill children and young adults The 
possibilities are too vast in number and scope to justify any extended 
considention but a fev\ words may be siid m conclusion about seienl 
immediate objectives that should not long prove unattainable 

Every physician m this country who is really interested in diseases of 
the cardiovascular system and whose fuianaal state permits it should be 
a member of the Association and a subscriber to the Joxiinnl A consid 
erable increase in membership would automaucally enable the Assocn 
tion to extend its actmties 

A fulltime travelling representative, preferably a physician should 
be available for visiting the afTiliated clinics hospitals, and heart associa 
tions keeping them fully informed of developments elscwheic helping 
to solve problems i dating to niinagement ind methods increasing the 
interest of physicians and social workers and developing a closer and 
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more fruitful relationship betueen the central association and its scattered 
component members 

The number of educational units —pamphlets, slides, chaits, films, 
models, boohs, etc —should be increased and their qualit) consnntl) 
impros ed 

Funds should be asailable for tlie furtherance of in\esugati\e uork 
in the field of cardiac or sascnlar diseases, either b) members and com 
mittees of the Association or b> other qualified individiials or groups 
The number of efficient cardiac clinics should be increased greatl) 
The Association should be in position to give not onl^ encouiagement 
and advice, but also practical aid in the establishment of convalescent 
homes and special cardiac hospitals 

It should pla> the leading role in this countr) m improving the dng 
nosis and care of patients v\ho have cardiovascular diseases and m raising 
the standards of cardiovascular practice in hospitals, clmtcs, offices, and 
homes 

It should be the headquarters and the clearing house for every con 
ceivable kind of information relating to cardiovascular disease especially 
that dealing with treatment and prevention, and there should be ade 
quate facilities for distributing this information to all who need or 
desire it. 



CHAPTER XXXIII 


THE CARDIAC IN INDUSTRY 

By 'William D Stroud, M D 

Ouing to the results of the World War, organization for training the 
handicapped and phcing them in industry of necessity has progressed 
much more rapidl) in Europe than in this country In most European 
countries during tlie past 20 years, it has become 1 national obligation 
In Germany they ha\e gone so far as to regulate legally the training and 
placing of the handicapped, demanding that tuo per cent of all positions 
in \arious industries must be filled SMth indniduals at least 50 per cent 
disabled I first became interested in this problem sshile ivorUng in 
England during the years 1919 and 1920 One day at luncheon, Sir 
Thomas Leuis remarked that 'in the ideal State, no position m industrf 
uhich might be filled by a person handicapped uith cardiosasciilar dise'ise 
should be filled ivith an entirely healthy individual This of course 
« a strong statement but it cenatniy is uorthy of careful consideration 

Most of the handicapped uho may be rehabilitated and placed in 
industry are those uith cardiosascular, arthritic and orthopedic disabili 
ties Various studies of the numbers of handicapped indiiiduals and vital 
statistics would suggest that by far the largest group of such handicapped 
individuals trainable and available for industry is the cardiovasaihr 
group 

One of the first and most practical steps m planning for the training 
and placement of those handicapped with cardiovascular disease v\as the 
advocacy of a functional classification of cardiac patients that might be 
practical from the standpoint of the soaal service v\orker, those admin 
istering state and city rehabilitation bureaus and employers m industry 
The Criteria Committee of the New York Heart Association has rccom 
mended the following functional classification of patients with organic 
heart disease 1 

Class I Patients with a cardiac disorder witliout limitation of phjsi 

cal acuvity Ordinary physical amvity causes no discomfort 
( 1048 ) 
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aass JI Pauents with a cardiac disorder with slight to moderate 
limitation oE ph)sical aclnit) Ordinary phjsica! actiiits causes dis 
comfort 

Class in Patients a cardiac disorder svith moderate to great 
hmiiaiion of physical actum Less than ordinar) ph)sical actmt> causes 
discomfort 



Ficire J L aged n hc lears Home cduration Rhetimutc fcier (arilinm) 
enlargement of the linn mitral stenosis and insulTcenc) sinus anh}thmia Class III 
This hiile girl went to school for onI> l» o dap Later she si-as taught in Ihe Childrens 
Heart Hospital She ssas not able to return to scliool and s hen the suiting teacher made 
her first contact she found a nme-scar-ohl rhild s ho coiiIc] read onlj at the first grade 
lescl and could not do better than 2A s ork in an> subject She had a great fear of 
reluming to school because she sas so far behind In fisc months she has completed a 
rears « ork in the fundamental subjecLs and looks forward with pleasure to reluming to 
school next September Referred b> Philadelphia Heart \ssocni on (Courlesj Shut m 
Societr ) 


Class IV Patients srith a cardiac disorder unable lo can) on any 
physical aciivity uitliout discomfori 

The greatest difficulty in phnimig for the training and placement of 
those handicapped t\itli cardiosascular disease is the fear in the minds 
of the employers as to the result of the ixorkmen s compensation act and 



IOjO cardio\ \scular disease 

the possibilities if cardiac patients arc gi\cn r^ork and later break doi\n 
m their emplos It is notonousl) difficult to state positi\el> tliat almost 
an) occupation ma) not base contributed to some slight degree to the 
progression of the cardiosascular lesion that has finall) ended m heart 
failure or sudden death 

During the past feu )ears I Ime gnen expert testimony in sucli cases 
before a compensation board referee and I Iia\e been impressed uith the 
marked difference in \arious States as to tlie snandards on uhicli compen 
sauon board referees make their decisions as to die relationship of cardio 
lascular disease to sudden death In Pennsyhanii a man uhile filling a 
bucket at a nmble hopper suddenly fell, striking his head on the edge 
of die marble hopper He died uitliin i feu minutes and the coroners 
diagnosis as to the cause of death iras coronary thrombosis The family 
i\as auatded compensation for accidental deadi since die referee decided 
that if the man had struck his head against the marble hopper as he fell 
the coronary thrombosis might not Iia\e killed him’ 

In the District of Columbn a man uho for many years had placed 
fruit on a display stand of a fruit store and piled potato sacks in a corner 
developed a pain in his cliest uhile lifting one of the potato sacks He 
uent to bed A feu days later he developed evidence of congestive heart 
failure A physician examined him and found a plus four Wassermann 
reaction evidence of syphilitic cardiovascular disease uith aortic insuffi 
cienc) and congestive heart failure Six months later the pauent died 
never having sufficiently recovered to arise from his bed The referee 
auarded compensation to the family since he decided that tlie lifting of 
the potato sack uas a contributing factor in the development of tlie heart 
failure in spite of the fact that his uork the day of the so-called accident 
uas no different than on any other day during the past feu years 

In est \ irgima a mule driv er in a mine helped his mule by pushing 
a small coal car over a small incline A fev% minutes later he developed 
an agonizing epigastric and anterior diest pain He died a feu minutes 
later and the coroners diagnosis as to the cause of death v\as coronary 
thrombosis The compensation board referee decided against auarding 
compensation to the family since helping the mule at times uas part of 
his ordinary duty in the place uhere he uorked 

Until tliere is some uniformity in the workmen s compensation acts 
in tlie various States and some uniformity in the interpretation of the 
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acts b> the various referees and courts, it will be a difliciilt matter to 
persuade employers to accept individuals handicapped cardiovascular 
disease 

During the past 21 years the medical profession has learned that m 
spite of valvular disease, many individuals can peiform the average type 
of work without materially impairing their health or shortening their 
hies ^Ve know today that unless an individual is in a state of borderline 
laidnc failure, model ate physical effort appears to play little pan m the 



Tifi-RE 2 V\ C. C affwl 60 arterjosderosK cardiac enlarRetneni and coroiny 
sclerosis nonnal ^imi$ rlntlim Cha< III Tins man was a World War letcnn an I was 
iiiul Ic to procure cmplojtncnt for manj sears lie hart socational tninmg at home for 
seseral scan heforc lus (fcalh Tlic sccupaiional therapisl inincd him to mitc hookcil 
rii^ lie benme rjinie an expert at lh»s anti the organ ration was il !o lo d spr c of tJjem 
for lum (Coutles) Shut m Socicl}) 

precession of the disease 01 in llic protluclion of congestive heart failure 
Certainly, sedentary occupations even if they may demand imusual 
mental concentration or nervous and muscular coordination do not seem 
to hurt the avenge patient with rheumatic lahnlar Jieari disease unless 
hypertension is present In cases of hypertension or of coronary insuffi 
ciency, of course, it is a different story, but even here many individuals 
even though they may have had a cardiac infarct, can carry on sedentary 
occupations which do not entail much mental concentration nervous 
tension or physical effort Too often physicians advise patients with 
coronary insufficiency with or without iiypertension or healed cardiac 
infarcts, to give up a !uci"Uive jxiviuon m wlucli the piticnt might fnve 
carried on for many years upon a restricted mental and physical dails 
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routine The realization b) the medical profession that infections appear 
to pla> a larger part in cardiac failure and the progression of cardiac 
disease than does ph>sical effort should aid in the placement of cardiac 
patients in industr) if this impression through public health education 
can be passed on to the einplo>er and the general public 

The placement of cardiac patients in suitable employment nas carried 
on successfully from ig*’G to 1932 by the Philadelphia Heart Association 
through a cooperatue arrangement mth the Philadelphia Health Council 
and Tuberculosis Committee 2 

During tile se\en years from through 1932 a total of 280 heart 
patients nere placed m employment some of them more than once so 
that a total of 388 jobs nere filled by these patients During the first 
three years of this service no effort was made to ascertain the amount 
earned by the cardiac patients who were placed but from the year 1929 
to 1932 the earnings of fieart patients placed by the service amounted 
to upwards of $90 000 

The applicants for placement were referred from the 21 heart clinics 
of Philadelphia and by private physicians Each applicant had a medical 
examination and a diagnosis card filled out by the referring physician 
The diagnosis included etiologic anatomic and physiologic factors a 
functional classification and an indication of the worl^ tolerance of the 
applicant m terms of tlie activities he normally would undertake In 
addition to this report each applicant was studied individually by the 
soaal service worker in charge of this placement service as to his employ 
ment history his mental attitude and Ins abilities as a worker Each 
presented an individual problem 

Finding employment for the applicants required persistent interview 
mg of employers All sections of the city were included so as to place 
the applicants m work near their homes and reduce travel if possible 
In order to get an idea of safe jobs in factories as well as of the physical 
conditions existing in the plant visits were made to vairious parts of 
the plants 

Few employers desire persons below par physically even for the 
simplest jobs All placement work of handicapped persons requires per 
sistent solicitation of the employee They must be told that persons 
whose physical condition has been deteiminetl by an examination can be 
placed in suitable work and prove to be a definite asset It is pointed out 
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ilso tint phjsicall) handicapped workets t\hen properly placed are 
usmll) perimnent and fiithlnl since they appreciate having a job TJie 
her tint a continuous foJlou up after placement is stressed uiiich insures 
that the uorker mil not be alloued to remain on the job unless he can 
safel) do so is pointed out Often after i handicapped person has been 
placed and proves to be a successful v\oikei calls are made Eor another 
handicapped worker 



ricDRF 3 N D aged 19 rlc mate fc\er card ac cnlargemeni aid m ml n iTi 
aeif) normal sin is rli>tl m Cb s 11 Bejrin s ork nj, n chc ood ork ng leja nuc l 
scsen loirs a day Ociolier 31 n3! ii § a seek Total ages 5 3 j 8 Totil l me 
orkcil ll rce j 0 ll 8 T] s yo i j, » ’ > ' U c « e plo>«l ml s tun 1 He is 

lerj eager in ork tnen ll ough »l a? noi possible lo pay h m a larger sahry He as 
very tnucU i icrestcil in il c work a jd Id t very ell (Co rtesy SI 1 1 n Soc ciy ) 

A Single illustratioti from the records of tins sen ice slious tlie value 
of this work Rocco C is a bo> wlio had started to learn the plumbers 
trade As it involved a gieat deal of phjsical strain which was showing 
its effect on his damaged heart Ins ph>sician insisted tint lie give it up 
After Rocco had been seen and some idea of his capabilities had been 
obtained he was sent to talk with the supeiiniendent of a leather goods 
factor) This factor) makes high grade leather purses handbags and 
toilet cases Although the snpenniendent Ind said he would not be able 
to take on any beginners then after talking wiib Rocco lie employed 
him to begin tlie follow mg da> Since then Rocco has had Ins troubles 




lOjl 


C \RDIOVASCUL.\R DISE.\Si: 


at home, as liis father ^\as out of A\ork for some time, and much pressure 
was brouglu to bear to make him lea%e and get a job pajing more mone) 
This hoi\e\er, he refused to do Rocco has since had a raise, and the 
superintendent reports tliat lie takes an interest in his uork and is getting 
along inceh Rocco s frequent correspondence corroborates this His 
plixsical condition is satisfactorj as reported bj the clinic ph)sician 


TABLE I 

\ OCSTION \L PoSSmiLITItS FOR Ht.SRT PVTIEMS 

Skilled Labor 


U iKxiworC 

(a) Cabiiicinial.ing 

(b) \o\cUj — small loj-s 

Lag lop* small frames 

Textiles 

(n) Chcmistr) 

(t) UeaMiig 

(c) Designing 
Commercial ^\orV. 

<o) Sltnograph) an<i l^'pcs'.nong 
ill) Filing and indexing 

(c) Telephone ojscraK r 
llindnsork 

(o) n-isVctr) and aning 
(/») Fine vn* mg 

<c) Qiiiliing 

(d) Hooted nigmaking 
(c) Leather an 

if) Monc^ramming 
(g) Embroider) 

Jc'icirs 

(a) Polishing 
(fc) Engrasing 
(c) Filing 
(it) Soldering 
(c) Carding 


Eiectneat Ckmsiruction 

(a) Hiring signs 

(6) Radio wort 

(c) As cmbling electric curds andiliclite 
Mechanical Drafting 

(d) Making and Filing blueprints 

(b) Architectural planning 
Coinmernal \ri 

(<i) tdseriising 

(fr) Postcrmaking 
Designing 

(tf) Jcsielry 

(b) Clolhes 

(c) HalJpapcr linoleum 
tootional Music 

(<i) Pla)ing an instrumeni 

(6) TcacJiing an insirument 
Librarian (no lilting of heav} Looks) 
Dressmaking 
^Illlmer) 
liairdressing 
Tailonng 
Shoe Cobbling 
Necktie Cutting 


Unsf illrd Labor 


lactors Uotk Errand boy 

(<i) Packing and dressing dolls painting Off'cc bov 

faces making dolls clothes («) Stamping 

(b) Lining trays and draners riseting (b) Labeling 

small parts in trunk factory (e) Sorting slips 

(c) Stripping and packing tobacco («f) Folding posters 

(d) Finishing running ribbons packing Clerical ssork filing 

in gxrmcfit factory Kitdien s*ork in hotels 

(c> Packing in any factory tvbcrc olijecis 
liandled arc not heavy 
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In the study o£ employment possibilities for the physically handi- 
capped in Philadelphia industry, the occupations suitable for general 
cardnc patients have been defined by the following restrictions* 

Generally good working conditions as to ventilation and comfort, 
v\uhoiit special hazard of maiciials, madiincry, eleciriaty and so on 


TABLE II 


Possiuii rriLS ior EviPLovvirNr of Cardivc Pvtunis iv 


Pnu-.\DrLrHi\ Inuusthv 


Industry 

Storage L-merj manutacinniig 

Radio %et inantificliinng 

Mai and cap rmnufacuinng 

Gh« manubeturing and processing 

Mitk dibinliution 

Ball Iictnng iinnufacuiring 

knit goods nnmitaciunng 

Hosier) manuCactiiring 

Gange scnicc 

Macliine tool manufacturing 

Trinting and piiblislung 

Drug mintifaciiinng 

Paper maiiuhctiuing 

Recording instrument mantificimm, 

Lcalher tanning and d)CiiV 

Gear manufacturing 

Mail order indmir) 

Cigarct and cigar mamihciunng 
Paint manuficiuring 
Sugar refining 
Shoe manuhcturing 
Rakery indiwtr) 

Confectionery manuhcturing 
Sporting goods iiianilfacturing 
Laundr) industry 


Probahlc 
A uinhef per JOOO 

6W 

Ml 

2S 

ICI 

2D 

230 

CSO 

133 

678 

SIC 

208 

218 


392 

r>3 

32^ 

306 

916 


\uiitbcrol Cnuliac 
Norrnul Patients kiiif loyafde 
rinpIoMiietit in \oriiialTin « 
•1^00 2j2 

13 200 0”P0 

8 000 

1200 171 

■1000 112 

1 100 210 

6 000 I 170 

18 000 nio 

5 000 1 100 

2000 870 

J2000 

1 000 078 

1 ooo 

1 300 1 209 

3.00 

500 131 

3 000 ‘M 

e 100 6 

2000 

I 100 131 

3 lOn j36 

6 000 1 932 

V2D0 1-019 

000 ’>08 

VODO 

113300 27 761 


These are separated into six dasscs 
Tor 1000 in cadi class the figures ire 
Men— 

Nov ICC 
Trained 
Skilled 
V\ omen — 

Nov ICC 

Trained 

Skillcvl 


310 

159 

141 

479 

270 

183 


9000 2 976 

16200 2376 

13 000 6 180 

7 900 

22 son 6 IV. 

n son 51599 


2 — « 
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lOjl) 

Light uork requiring no rapid mo\enienis of the bod) 

A minimum of nervous tension such as ma) be attendant on inicn 
sue production methods or die operation of high speed luachinct) 

During the >ears 1934 and 1935 Mr F \V Steuber, working for the 
Philadelphn Bianch of the Penns>Ivaiin Snic Ihirean of Reinbihtition 
nnde 1 stud) of the cinplo)niem jKisstbiliues for the ph)SicaU) Inndi 



FiciRr I J T a ar Inr pai ent engaged in mach ne and fne hand v:«v ng 
RefcrTed li the rcnni)lnnn Hospital Rheumatic feicr ctriliac enlargement m tral 
iniulTaeno mural stenm s icgntar ' nm rl jihm Qay> I 51 c has rsoitro Tcgiilaily in 
the shop for cigl t yean i ith icr) little lo^s of time because of illness Her health has 
steadily iroproira (Courtesy Shut in Soaet) ) 

tipped III Piuladelpliia industr) In the pursmuct of this stud) jtiooo 
workeis ln\e been more or less directl) oirsened in the pcrfoinnnre of 
looo different openiious lu 25 industries Tlie dm gaiheretl duung ilic 
stud) of these opemtions from die snndjxunt of perform uicc of the 
specifinll' Inndicipped ln\t been nbuhted on the bisis of possiluhiics 
per thousand workers in each industr) For the cardne clissificntion the 
data aie given in Table II 

The large aarntions among the industries rellLCi primaril) the dilTer 
ence m the character of the work In some cases notahl) hat and cap 
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manufacturing the influence of a stnct medical examination of employees 
IS paramount It must also be admitted that the indiMdual making the 
study has had an influence in some cases though tliese men ha\e all been 
engineers i\itli industrial experience 

A number of other industnes base been coaered without tabulations 
basing been made The general showing bears out the figures of die 
tables indicating that 25 pci cent of all jobs in industry are possible of 
performance by tins class of handicapped person witliotit compromising 
either die job or the jobholder 

TRAINING IN SHELTERED WORKSHOPS^ 

In the sheltered s\orkshops of the Pennsyhania Branch of the Shut in 
Society, and Y^ocational Adjustment Sen ice for the Handicapped from 
1932 to 1940 there have been employed 28 persons with heart conditions 
classified from Class 11 to Class III They worked at carpentry machine 
and hand seising furniture repair and refinishing and general work 
about the place 

In the machine and hand sewing department there were ten who 
worked six hours a day They were paid from 75 cents to Si 08 a day 
and furnished milk for lunch In the woodworking upholstery and 
wheelchair departments 17 persons worked from three to five days a week 
from file to seicn hours a day One worked at part time cleaning They 
rcceued from §1 00 to §3 50 a day These persons accomplished a good 
normal day s work m these departments There were no deaths and no 
accidents while at aiork In a year two persons both women fainted and 
ivere treated in the rest room Of these 28 cardiac patients tliree ha\e 
died as a result of their heart condition but this ivas at home under 
ordinary circumstances 

YVe hate not been successful in placing any cardiac patients m indus 
try through the Rehabilitation Bureau and tins I believe is due largely 
to the unemployment situation tint has preiailcd for the past nine years 

CONCLUSIONS 

1 Y'ltal statistia suggest that indmdiials with cardiosascular disease 
comprise as large a group if not the largest group of persons wath 
physical handicaps 

2 It seems questionable whether physical effort is responsible for 
the production of cardiovascular disease or plays as large a part in the 
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progression of cardios asculir disease is has been prcMousl) belie\ed I! 
this IS true, the training of cardiac patients and their phcement in indns 
tr> constitute as great a responsibility for the physician as any other form 
of therapeutics — in fact, in Class I and II cases t much more important 
responsibility than medication or other forms of therapy 



FiruBF 5 R. B aged 50 jears o cardiac piiicnt cngngrtl m woodworlinK Wicu 
malic fc\cr mural s(cno«i« and imiiffoenc) normal sinur rli>thni Clasr II He liar 
sorted m ilic shop stcadil)- for cigl t jear* (Cowrtcsr Shut in Socieiy ) 


3 \\ nh proper funaioinl clissificition priviic physicnns or physi 
tnns in henrt clinics mtli espccnlly tmned phccnicnt uorktrs m city 
nnd St itc relnbilmtion biircius cirdnt ptuuns in much hrger nuinbcrs 
tlnn preMOUsly recognized may cirn a Ining through training in slid 
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teied ^\o^kshops ^\ith iiltinnte placement in industry or i£ prcMously 
tnined through direct phcement in industry 

4 If common labor is diiided into tivo classes namely light labor 
and heavy labor almost loo per cent of cardiac patients except those 
in Class IV are employable at light labor 

5 To accomplish such rehabilitation and placements it is necessary 
to obtain the inteiest of the medical profession and to impress physicians 
with then responsibility toward the handicapped and the necessity of 
cooperating with the social service workers especially trained placement 
workers and city state and county rehabilitation bureaus Employers 
should be carefully approached and educated Finally and perhaps most 
important of all is the sympathetic handling of the unfortunate indi 
vidual handicapped by cardiovascular disease 
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CHAPTER XXXIV 


CONGESTIVE HEART FAILURE 

By Albert ^\^ Bromer, M.D.. and William D. Stroud, M.D. 

Definition- Heart failure is the inabiht) of the heart muscle to main- 
tain a circulation sufficient for the usual dail^ requirements of the body. 
IVhen general \enous congestion is present, the clinical syndrome is called 
congesti\e heart failure. It is important to distinguish between congesiiie 
heart failure and failure of the peripheral xascular system which occurs 
in syncope, shock or collapse The latter has been freely co\ered in 
Chapter XLVI. 

PATHOGENESIS AND MECHANISM 

The cause of congestise heart failure is either an increase in llie load 
of the lieari or an impairment of the myocardium, or a combination of 
these two factors (uhich is the case in the great majority of instances). 
There is no pathological change which is characteristic of congestive 
heart failure, but. in all probability impairment of tlie myocardium 
almost always is a major etiological factor. The commonest^siructural 
abnonnaliiy is cardiac enlargement, which usually consists of hypertrophy 
and dilatation, but dilatation without hypertrophy is found in acute, 
rapid failure, sucli .as may result from severe rheumatic c.arditis. coronary 
thrombosis or prolonged paroxysmal mchycirdia Dilatation rather than 
hy-pertrophy is responsible for most of the increase in size, cspeci.illy of 
the largest he.'iris. 

Hypertrophy is most generally regarded as the result of persistent 
increase in the energy expenditure of the heart. According to the ‘‘injury 
theory,” proposed by Hon-ath'** and supported by the experimental work 
of Eyster and his associates, the fundamental cause of hypertrophy- 
lies in an abnormal stretdiing of the muscle fibers which causes both 
work and hypertrophy. “Injury” may occur in the fonn of (/i) strain 
in arterial hypertension, or a valvular or septal defect, (//) tnifiaired nutn- 
iion in coronary artery disease or severe anemia, or (c) infiamuialion or 
toxicity in diseases, such as rheumatic fever, pneumonia and diphilieria. 

( 1060 ) 
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In imnj instances, apparently more than one factor is active in die 
development of hypertrophy But, in genenl, it seems that increased 
work plays a dominant role in the progression of hypertrophy, regardless 
of ulnt the exact initiating influence may be 

The heart vsith healthy hypeitropliied muscle is able to maintain 
an eflicient circulation for many months or years m spite of an increased 
burden, such as arteiial hypertension, or a valvular or sepnl defect As 
a rule, pathological dilatation and failure do not occur until the muscle 
has been weakened through some injurious influence such as [a) impaired 
nutrition as in coronary arteiy disease and seveie anemia (h) the inflam 
mation and toxicity associated with acute diseases such as rheumatic 
fever, pneumonia and diphtheria or (c) fatigue (and the associated 
abnormal chemical state, particularly an excessive amount of lactic acid) 
arising from prolonged excessiv e rate m paroxysmal tachycardia auricular 
fibrillation or auricular flutter A structural defect such as a damaged 
valve tends to dimmish the cardiac reserve and to hasten the onset of 
failure when weakening of the myocardium does set in In many cases 
of essential hyjiertension vMtIi cardiac liyperirophy of long standing, con 
gesiive failure is entirely the result of the usual changes m the coronary 
arteries and the myocardium incident to advancing years Occasionally, 
contrary to die genenl rule, a hypertrophied heart may fail entirely 
through the effort to overcome some extreme burden, wnthout the pies 
ence of any degenerative or inflammatory change 

As a rule, tlie heart does not fad as a whole simultaneously Through 
some particular strain or structural defect, one ventricle usually begins to 
fail before die other, and even when failure of both ventricles occurs tlie 
weakness of one may be predominant Fadure of the left ventricle occurs 
as a primary manifestation of myocardial insufficiency more often than 
does failure of the light ventncle m tint die causes of left ventricular 
strain, namely, arterial hypertension, aortic valve disease and myocardial 
infarction are relatively commoner than mitral stenosis, dironic pnl 
momry disease and congenital pulmonary stenosis the causes of pnimi-y 
failure of the right ventncle Actually, liowevei, the commonest cause 
of fadure of the right ventncle is insufficiency of the left ventricle and 
the resultant back pressure in the pulmonary vascular circuit As 
desenbed by HopeCO m 1832, 'When the distending pressure of the 
blood preponderates over the power of the (left) ventricle its contents 
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from not being tliil) expelled constitute an obstncle to tlie irinsnnssion 
of the luncuhr blood Hence the auricle becomes overdisteiuled nnd 
the obstruction imj be propagated backwards through the lungs to the 
nglit side of the heart and there occasion the same senes of plienomcna 
Thus the s)ndromc of congestne failure with general \enous congestion 
as most commonly obsersed in clinical practice represents fatlute of both 
sentricles— failure of the right aentncle with systemic \enous engorge 
ment liaving been preceded by failure of tlie left aentriclc (relatisely a 
stage of symptoms rather than of signs) for a period iisuilly of months 
or years 

The theory of back pressure appears more nearly correct than does 
that of fonvard failiiie in regard to the pathogenesis of the manifesta 
tions of congesttte heart failure According to the concept of fonvard 
failure the manifestations of failure arise from tlie diminished blood 
supply to the tissues which is the result of an inadequate cardiac output 
The most striking example of the latter concept is obsersed m sascuhi 
collapse in which diminution in the solumc of \enoiis blood returning 
to the right auricle consequent to the fall in senous piessurc occasions 
decrease in caidnc output Occasionally in cases of marked aortic stenosis 
and failure of the left \entricle and also in acme cardiac collapse it docs 
jilay a part particularly in the incidence of cerebral and coronary synip 
toms At limes the tuo types of failure coexist 

Occasionally the heart fails as a xihole both \eniricles being affected 
by some common strain sudi as rheumatic carditis mitral regurgitation 
long continued extremely rapid heart rates (as in auricular fibrillation 
auricular fluicer and paroxysmal tachycardia) thyrotoxicosis scscrc 
anemia dietary deficienq myxedema generalized coronary artery sdtr 
osis and ceiiain congenital developmental defects Rarer mists of ton 
gestne failure are external pericardial adhesions arteriovenous anciiiysm. 
taidiac trauma deformity of the thorax and neoplasms 

Acute cardiac failure may be observed in angina pectoris (accom 
pained by ventricular fibrillation or cardiac standstill), coronary throm 
bosis pericardial eflusion paroxysmal tachycardia complete heart block 
or diphtheritic myocarditis— with a clinical picture resembling that of 
peripheral vascular failure (shock collapse) and accomiKinicd by ashen 
pallor cold clammy skin weakness of the pulse and fall in blood pressure 
But in the httei condition the veins arc empty and the pulse rvpul 
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uhereas in acute cardnc failure the \ems nn) be distended and the 
heart late slou 

SYMPTOMS AND SIGNS 

The caidinal sjmptom of m)ocardnl jnsii/rjcienry is d)spnea on 
exertion or at rest ■\Viih the exception of cases of sudden acute failure 
d)spnea iisinll) is first experienced in die performance of some not 
unusual exeiiion and then as die degiee of mjocardnl msufficienc) 
increases it occurs ivith less physical effort until finalJj it is present eieit 
at lest and becomes more and more discressiiy uitli further increase 
in mjocardial insufficiency Dyspnea of such seserity as to render lying 
flat in bed difficult or impossible is called orthopnea 

railnre of the left venlttcle alone gi'cs rise to congestion in the 
puhnonary vascular cncuit with consequent dyspnea diminution m Mtal 
capacity cough sputum (sometimes blood tinged) and moist rales 
(which appeal first at the lung bases and later throughout the lungs) 

It may be accompanied by aitachs of fmroxywial cardtac dyspnea wluth 
nny be attended by asthmatic breathing (c/ird/or astiuna) oi by acute 
pulmonary edema i\ith copious frothy and frequently bloodstained 
expectoration Failure of the right vcnlncle occasions congestion in the 
systemic circulation marked by engorgement and visible pulsation m 
the neck veins with the tndiMdual in the upright position cyanosis 
edema of the feet and legs engorgement of the liver and albuminuria 
In primary failure of the right ventricle cyanosis is often out of proper 
tion to the dyspnea because of the inteiference with heniorespiraiory 
function occasioned by the primary pulmonary lesion and ficquently it 
IS emphasized by a polycythemia brought on by prolonged anoxemia 

Edema usually comes on insidiously^ at first being pieseru only in 
the evening and in the feet and ankles of the anibulatoiy UKlnuhnl 
disappeaung during recumbency at night but with furthei decrease in 
cardiac efficiency pitting edema gradually increases in extent until the 
entire body at times including the arms and even the face is water 
logged Massive generalized edema is called «uainrcrt In severe congestive 
failure there is found ascites and not uncommonly there occurs accumula 
tion of fluid in the pleural cavities {hydrothorax) and rarely in the pen 
cardial sai {liydiopirtandiuvi) Quite often hydioihorax is limited to 
the ri^ht iikunl ci\ ity piobibly bttuise of cnf,nigeintiU oi tonipitssion 
of the azygos vein or the fact that the blood from the right lung must be 
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lifted a greater distance to reach the left auricle than that from tlie left 
lung especially uhen the patient is inclined to he on the right side (as is 
frequently the case) or a combination of boiJi iJiesc factors ■5’" j\ot mfre 
quently pain and tenderness o\er the Inci constitutes a complaint jMr 
ticulaily nhen failure of the right seiitricle occurs suddenly and when 
functional insniTiciency of the intuspid salse cvists the Iner can bt 
felt to pulsate s\ith each \enniailar systole iSausca and \oniiting octa 
sionally occur and in sesere cases at times bloody stools may be passed 
Jaundice occurs but seldom usually it is a sign of sesere failure asith 
a bad prognosis As pointed out by Meakins the sLin oser the ede 
matous areas is usually not jaundiced a\hilc elsewhere striking icterus 
may be present In adsanced congestive failure the urine is high-colored 
scanty and of high specific gravity and may contain albumin casts and 
blood Urine of low specific gravity is suggestive of a primary contracted 
kidney secondary to arterial hypertension 

The velocity of blood flow in congestive hcirt fatlnie is tifttn but not 
always decreased Blood pressure nieastirements of different patients may 
show variations from marked hyjicrtension to hyjiotcnsion but m a given 
individual a rapid or steady drop from a high level to hypotension or 
normal may be indicative of myocardial insufficiency The basal 
metabolic rate is somev\hat increased m that dyspnea cough and even 
the heart itself through its larger bulk and inefficiency entail a greater 
consumption of o\ygen The vital capciiy of the lungs (amount of air 
that can be expired after the greatest possible inspiration) normally 
about four to five liters in tlie male and three to four liters in the female 
varies inversely VMth the degree of myocardial inefficiency and in severe 
failure it may be increased from as low as 05 liter or less to the range 
of normal through improvement in the circulatory efficiency brought 
about by rest digitalis diuretics and other therapeutic measures 

Roentgenologic examination is of value in congestive heart failure 
in helping to disiinguisli the type of lesion present by the catrlnc out 
line to determine the degree of cardiac cnhrgemem pariicularly in 
checking change in size as m the acute dilatation which occasionally 
accompanies acute rheumatic carditis and coronary thronibosts and to 
demonstrate the extent of pulmonary congestion including the presence 
or degree of hydrothorax The cltctrocardiognm is of value in <hs 
tinguishing the various types of cardiac arrhythmia in ileinonstmmg 
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myocardial degeneration, particularly advanced coronary artery disease, 
through clianges in the Q R-S complexes and T waves, and in follow 
ing the course of digitalis therap) 

COMPLICATIONS AND SEQUELAE 
Serious complications of congestive heart failure nny arise through 
distuibance of the function of various organs by the circulatory stasis, 
and occasionally from piogiession of the disease process causing the myo 
cardial failure A vicious cycle tends to exist Impairment of the coronary 
circulation promotes further myocardial degeneration Hydrothorax and 
ascites interfere with expansion of the lungs, and also directly hinder the 
heart action through displacemeni, and hydropeucardium causes particu 
lar cardiac embarrassment by impairing the ability of the heart to fill 
Long continued stasis m the portal circulation may cause cirrhosis of 
the liver, chronic gastritis with dilatation and ulceration of the stomach, 
intestinal stasis splenic enlargement hemorrhoids, and emaciation, 
renal insufficiency may give rise to nitrogen retention and occasionally 
uremia, massive edema of the extremities may result in ulceration and 
infection with the possibility of streptococcic septicemia which may 
prove fatal Thrombosis m the auricles veins, and occasionally m the 
arteries at times occurs, and emboli may lodge in tlie systemic and pul 
monary circulation In advanced failure of long standing, especially in 
elderly individuals with narrowing of the cerebral arteries mental apathy 
delinum and even coma may be presenled One of the most fre 
quent immediate causes of death in congestive heart failure is broncho 
pneumonia 

DIFFERENTIAL DIAGNOSIS 

The diagnosis of congestive heart failure usually is not difiicult, being 
established by the presence of dyspnea, dependent edema, engorgement 
of the neck veins and enlargement of the liver, the finding of serious 
organic changes in the heart, and favorable response to digitalis therapy 
However, cases of early myocardial insufficiency without obvious con 
gestion in the systemic vascular circuit, presenting only dyspnea on 
exertion, fatigue and possibly palpitation or slight precordial discomfort, 
often require careful study for differenmtion from neurocirculatory 
astlicma tlie influence of obesity, and the lack of physical training 
Pulmonary symptoms and signs are not due to heart disease unless there 
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IS cMtIence of the litter in the form of cirdnc cnhrgemcni nuumms o! 
Mhuhr defonnit) or m)ocirdnl infirction MistiVe is less ipt to occur 
tn the difTerentntion of coiigeslne heiri fiilure from ncplirms cirrhosis 
of the liter dietir) deficieiiq diseise pcriionitis nn\edcnn !)mph 
edemi milignanq pulmomr> disease and constnciiie pencirditis if 
the fici is borne in mind tim in congestisc licirt fiilure {Kriplicrat 
cdemi engorgement of the neck \cins and enlaigeinent of the liter 
generall) occur togeilier and in association ttitli djspnca bilateral 
engorgement of the teins of the neck without enlargement of the liter 
suggests the possibilitj of obstruction of the superior tena catn but 
atrophic cirrhosis of the liter ma) be responsible for the same discrcpanct 
tv hen congestite heart failure is present Constnctite pericarditis (acme 
or chronic) often is marked b> engorgement of the sjstcmic tcins 
enlargement of the liter and dependent edema uithout a comjxarablc 
degree of dtspnea and the heart is usiiall) normal or but little mtoltcd 
and furthermore the patient usuall) is )oung and digitalis thcrajij 
effects no benefit 

PROGNOSIS 

The prognosis in cougcstitc heart failure is dcicnmiicd h> the dcgiee 
of congestion the etiological factors iJie mode of onset the age of the 
patient and the probable response to treatment Often it is tvcll to 
refrain from making a prognosis until the effect of treatment Ins been 
obsersed Generali) speaking patients uho impiose on rest alone do 
uell for a period of )ears the outlook is less fasorablc ivlieu s)mptoui\ 
and signs disappear rapidl) under digitalis thenpj but failctl to do so 
with rest onl) and when rest and dip,ita!is fail to gi\c relief and diuretic 
or surgical pioccdures arc necessar) to eliminate subcutaneous edema 
and effusion into serous casities the prognosis regardless of ctiolog) (in 
the absence of acute innammation of the mjocartliuiu) is grate 

Recognition of the u/idtrlying cause of tJic cardiac condition and of 
the itnmcdialc precilnlnlnig factors is of the ulinosi imponatuc in pre 
dieting the clinical course \Ithough mans of the undcrl)ing causes of 
heart disease do not resjKmd to ireainicut unnj precipitating factors 
arc prctentable and controllable Of he commonest undcrl>iug causes 
nameh tavular disorders (im hiding h>|K.r!tnsi m md aiicrimderosis’l 
ihtmiiaiK feter niil s>pliilis \|K4ifti tlitrajeuiie measures art avaihllt 
onl> in stpluhs But after s>philitic heart disease is e-stahhshtd specific 
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treatment is of limited \aliie; nlthoiigh s)niptoms at times are relieied 
and the progtess of tlie condition ma> be retarded, the disease is rarel) 
tenninated b) therapy. Of the less common underl)ing causes of heart 
disease, th)Totoxicosis and pericaidiiis may be successfully treated by 
smgery; setere anemia and deficiency diseases usually respond tvcll to 
therapy; but theie is no beneficial treatment for congenital heart defects, 
bacteiial endocarditis, and e\tensi\e pulmonary fibrosis. 

The ftticrnge duration of life after the onset of congestne heart failure 
is in general but a feir years. Thcie aie great variations, hoirever; and 
fmtlieimore the cases of many elderly iiidividuals who have dyspnea on 
exertion for many years but who do not consult a physjcian are apt not 
to be included in statistical studies. Each case reqtiiies individual con 
sideralion. Slight congestive failure due to mural stenosis or longstanding 
hypertension may be controlled foi many years by lestnction ol activity 
and digitalis therapy, wlicreas congestive failuie with syphilitic aouuis 
and aortic regurgitation or with coronaiy occlusion always bears a more 
grave prognosis — the degree of failure rapidly increasing and life lasting 
but a few months to a few years Paioxysmal cardiac dyspnea, with or 
without cardiac asthma, always is attended with a serious piognosis. 
Congestive heart failure which suddenly follows an acute infectious cold 
usually disappears with the causative factor; but when precipitated by- 
pneumonia or chronic rheumatic infection the prognosis is less favorable. 
Failure developing in an individual with sedentaiy occupation usually 
is more serious than failure of similar degree occurring w’ltli heavy 
manual labor; and when otcunuig with no temporary or removable cause 
in a patient already bedridden it is of extremely serious significance. 
In every case the faithfulness of the patient in following the treatment 
prescribed is an influential factor in the ultimate outcome. 

THERAPY 

Aim of Treatment: The treatment of congestive Iicart failure calls 
for measures wliich den ease the work of the heart and increase the 
efficiency of its action. Such measures include: Rest, the administration 
of digitalis, diuretics and other drugs, including sedatives, hypnotics, 
stimulants and cathartics, the regulation of diet, including the restriction 
of fluid and salt intake, and surgical procedures, such as venesection and 
paracentesis. In every case it is essential to determine the underlying 
disease process, and to discover tlie possible existence of an imnicdiate 
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precipitating factor, so that axuhble measures can be directed to their 
presention and control 

Rest* In the treatment of heart failure, rest is imperatise Through 
rest there results usually i slowing of the rite of the heart with a decrease 
in the energy expenditure, and opportunity is afforded for the building 
up of myocardial resene Rest of the body and mind is often in itself 
sufficient to relieve dyspnea, edema, enlargement of the liver and otlier 
manifestations of myocardial insufficiency The amount of rest necessary 
depends on the degree of failure, it may vary from slight restriction of 
activities to absolute rest in bed for a period of weeks or months In 
failure of slight degree, with dyspnea on moderate exertion only, slight 
restriction of activity may prove sufficient, but quite often several weeks 
of complete rest in bed proves of distinct benefit Rest in bed for at 
least two or three weeks always is indicated when there is shortness of 
breath at rest or on very slight exertion 

In severe congestive failure, when moderate or greater pitting edema 
of the extremities engorgement of die veins of the neck and liepaiic 
enlargement are present in addition to orthopnea, absolute rest itt bed 
IS necessary with constant care both day and night \\hth head elevated 
in the best position for breathing and relaxation, the patient should not 
be allowed to reacli for any object, to feed or wash himself, read, write 
or change position without being lifted by an attendant and talking 
should be discouraged The bed should be narrow with good spring 
mattress A bedstead w ith back rest and thigh rest such as a Catch bed, 
or with an adjustable fool rest resembling an easy chair is most con 
venient 82 (Figs i and 2) However, pillows supported by an overturned 
chair may serve satisfactorily as a back rest, and a wooden support under 
the mattress can support the knees A footboard, 36 inches by ifi inches 
by 1 meb padded vviib a pillow, will help the patient in retaining Uis 
position and lighten the weight of the bedclothing Tying die pillows 
in place with loops of one inch gauze bandage assists the patient in mam 
taming his position and small pillows beneath the arms and under the 
head promote comfort and relaxation In cases with severe orthopnea 
a cardiac table (padded by a feather pillow) , extending across the bed 
provides a change of position serving as a head and arm rest The room 
should be quiet and pleasant with cheerful decorations and the maximum 
of sunshine, the temperature should not be over 20*^ C (G8° F), with 




FICUSE 2 Tlic cardiac bedsJetd (Ije> is) ftiih hid. rnt thigh rest met lot ered 
leg rat — conterung llie 1 cd jjiio a cliair 
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seeds of digitalis are used m ilie imnuhcture of the so-called difitalms 
of commerce the diief ones of which are true digitalm (Digitahntim 
\erum) and digitalein 

Most of the preparations of digitalis on the market are properl) stand 
ardized and leliable Preparations of the powdered whole leaves m the 
form of compressed tablets pills or capsules are just as effective as the 
tincture and because of the ease in handling exactness of dosage and 
stability are more generally acceptable Powdered leaf preparations if 
kept dry retain their effectiveness for many years Although the one hour 
frog method is still recommended in tlie U S Pharmacopoeia for the 
standardization of preparations of digitalis strophanthus and squill 
during recent years the intravenous cat method of Hatcher and BrodyCO 
has become quite widely used A cat unit is the minimum amount of 
digitalis which is required per kilogram (a** pounds) of body weight 
to kill a cat when injected slowly and continuously by vein— in about 
go minutes it represents loo mg (ii/ grains) of powdered leaves or 
1 0 cc (15 minims) of tincture of digitalis or mg (V050 
of ouabain Theoretically one cat unit is the equivalent of 167 frog units 

The isolated digitalis principles are being used more and more exten 
sively m clinical practice In a six year clinical study of ambulatory 
patients with established auricular fibrillation at tlie Pennsylvania Hos 
pital it has been found that o 1 Gm (ii/ grains) of digalen 
(U40 grain) of verodigen (the gitalin glucoside of Digitalis purpurea) 
l4 iV io grain) of digoxin (from the leaves of Digitalis lanata) 
and 1/^0 "^g (^050 gr'**ri) of Digitaline Cnsialhsee \ativelle are respec 
lively equivalent to one cat unit or o 1 Gm (ingrains) of standardized 
digitalis leaves and that none of the preparations proves more effi 
caaous than any otlier Because of the difference in strength and the 
danger of confusing them use of the digitahns ( French German 
and true ) is not to be recommended 

Therapeutic Action of Digitalis The beneficial effects of digitalis in 
heart failure arise from (1) its action on the cardio inhibitory mech 
anism and (2) its direct action on the myocardium The cardio mhib 
itory effect results from (n) suraulation of the vagus center in the 
medulla and (b) direct action on the sinoauricular node the auricular 
and ventricular muscle and the conduction pathway between the auricles 
and the veiltncles 
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AVith the exception o£ cises witli nctiMt) nioie sensitive than 
the avenge (such as is commonly present m young individuals) slowing 
of the heart with regular rhytlim generally is possible only by giving 
an amount of digitalis capable of producing toxic symptoms In elderly 
individuals and during fever therapeutic doses are partiailarly apt not 
to effect slowing because of the existence of an abnormal relative dimmu 
tion of vagal tone Hoivever excessive doses of digitalis can cause inhi 
bition of tile generation of cartlnc impulses with consequent marked 
sinoauncular bradycardia sinus arrhythmia and even auucular standstill 
The ability of digitalis io increase the tone of llie myocardium and 
the foice of systole has been for many years an accepted fact and only 
during recent years has it become established that the effect of digitalis 
on the output of the normal heart is different from tJiat in tlie case of 
the dilated heart of myocardial failure In an experimental study on 
dogs Harrison and Leonard>>c (t9‘*6) demonstrated that the calculated 
full therapeutic dose of digitalis caused an a\ erage decrease of approM 
mately 25 per cent in the cardiac output per minute and Burwell 
Neighbors and Regeni' found a similar diminuuon of cardiac output 
in normal men following the administration of from 1 4 to 2 7 Gm (22 
to 42 grains) of digitalis leaves From studies of the cardiac output of 
normal men patients with congestive heart failure and dogs v ah and 
without enlarged hearts Cohn and his a3socjates‘*’i> 20 2 Inve con 
eluded tliat digitalization causes a tendency toward a decrease in cardiac 
output through an increase in cardiac tone and a simultaneous tendency 
tou-ard an increase in cardiac oiiipiii thiough an incieasc m the extent 
of ventneuJar comrietton and tint dte cardne output at any instint js 
the net lesiilt of these opposing factors In heart failuie the length of 
the cardiac muscle fibers has been increised beyond a certain optimal 
length with a resultant decrease m the cardne output (described by 
StarUngl‘’o as the law of the heart ) and undei tlie influence of digitalis 
It is believed tint dilatation of the heart chambers beyond the physiologic 
limit may be relieved through an increase in the tone Tlie optimum 
cardne output is rendered possible through a simultaneous increase in 
the extent of ventricular contraction In other words the change in 
cardiac output which results from the action of digitalis depends upon 
the initial size of the heart (ventnaihr cliambers) there is a decrease 
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m the output of normal hearts and an increase m the output of dilated 
hearts 

The bulk of evidence is against tlierapeutic doses of dignahs having 
any direct effect on the blood vessels of man The change in blowl 
pressure which occurs with digitalization is a mere readjustment, the 
result of general improvement in the circulation Also it is quite gen 
erall) agreed that the diuresis produced by digitalis in congesme heart 
failure is entirely secondary to improvement in the circulation, particu 
larly the circulation of the kidneys Only m the presence of congestive 
heart failure is digitalis capable of producing diuresis 

Toxic Effects of Digitalis Overdosage of digitalis occasions disagree 
able toxic symptoms, and dosage greatly m excess of the estimated thera 
peutic dose may cause death Nausea and vomiting— frequently preceded 
by a day or two of complete anorexia, headache and vertigo — are among 
the earliest and commonest toxic symptoms The cmciic action of digi 
tails does not result from direct irritation of the gastric mucosa, but 
IS a reflex phenomenon arising from the direct action of the drug on the 
heart, the impulses passing from the heart to tlie vomiting center in ilic 
medulla oi *52 In die average ambulatory cardiac patient widi moderate 
congestive failure quite a wide margin generally exists between the mini- 
mum dose necessary for the obtaining of full therapeutic benefit and the 
maximum dose vshich can be loleraietl vMihout symptoms of toxicity, 
whereas in patients with signs of congestive failure at rest this margin 
may be so narrow as lo render it dilficiilt to avoid precipitating toxic 
effects 5t> In severe myocardial failure, vomiting caused by splanchnic 
congestion must be distinguished from that which might result from 
overdosage of digitalis ^'orinting wJntli occurs uidun a few minuics 
after a dose of dtgtcahs « ery I/keJy Ins not been caused by the drug, and 
may be obviated by administering digitalis in therapeutic doses intra- 
venously or intramuscularly In rare instances psychic vomiimg-occa 
stoned by the Imtcr taste of the drug— may follow the administration of 
but one or several doses ^Vllen nausea and vomuing arc the result of 
digitalis overdosage, it is better to stop the drug ciuirtb for from one lo 
several days than merely to diminish the dosage, because of ihc smillcr 
likelihood of causing a future distaste for the drug 

Toxic effects of digitalis on the heart may occur in the form of pre 
mature contractions coujiled rhythm, various grades of aunculovenmcu 
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Jar heart blocl^ sinus arrhythmia, sinoauncular block, aiinctilo^entncu 
hr nodal rhytlira aiiricuhr standstill intraientncular block, pulsus alter 
mils paroxysmal tachycardia or auricular fibrillation Most commonly 
obseraed are prematuie contractions and aanous grades of auriculoaen 
tncular heart block the foimer resulting from increased irritability of 
the myocardium and the latter from depression of conduction between 
the auricles and the aentricles Coupled rhythm (pulsus bigemmus) re 
suits from a \entricular premature contraction with compensatory pause 
occurring immediately after each normal beat As a general rule reduc 
tion of the ventricular rate to 50 or less per minute calls for decrease in 
dosage or discontinuation of the drug for several days The toxic sig 
nificance of acceleration of the rate and the onset of auricular fibrillation 
must be borne in mind in order to avoid grave lesiilts sticli as ventricular 
tachycardia or fibrillation or even irreversible cardiac damage, through 
continuation of the drug 

Other occasional toxic effects arc blurnng of vision and pronounced 
disturbances of color vision— objects appearing green yellow white or 
h\enderi24 i,i8 145 dianheaH® reduction of the output of urine 
and acute psychopaduc outbreaks 138 

The maximum therapeutic benefit from digitalis has been estimated 
to result from the administration of approximately 20 to 40 per cent of 
die lethal doseiis, ^et despite the fairly wide margin of safety fatalities 
occasionally do attend its administration Death usually is preceded by 
ventricular fibrillation which is especially liable to be induced in patients 
with impaired intraventricular conduction Differences in individual sus 
ceptibility to die drug and in the margin of safety in the various degrees 
of failure at times may be responsible for severe poisoning And the pos 
sibility of danger resulting from the combined effect of digitalis widi 
other drugs demands consideration Cases of death within a few minutes 
immediately following the intravenous injection of 10 cc of a 10 per cent 
solution of calcium chloride and of calcium gluconate respectively, m 
patients who had been receiving digitalis beforehand have been re 
jxirted -^2 84 sa Quinidine in doses which are never fatal in the 
normal undigitahzed animal may cause death in the presence of toxic 
rliyilmis induced by digitalis And about one half the medial lethal 

dose of ephedrine hydrochloride has been found to prove fatal m am 
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mals m the presence of about one half the mednl lethal dose of digitalis 
or ouabain 

Imhcalions for Digitalis Therafty The most striking benefit of digi 
tails therap) js obsened in congestue heart failure avith auricular fibnl 
lation or auricular flutter uith rapid \enincular action In such cases 
the improtement in circulator) efficicnc) results not onl) from the direct 
action of the drug on the m)ocardium hut also in large part from us ac 
tion on the cardio inhibitor) mechanism the sentricles through increase 
in the refractor) period of the auricular and the scntricular muscle and 
the depression of conduction between the auricles and the \cntriclcs arc 
affoided rest from the abnormall) laige number of impulses from the 
auricles Howeser m congestue failure with regular sinus rh)thm digi 
tabs also proses of great salue—solel) through increase m the cfliciency 
of sentriciihr s)stolc in fact at times it is life saving 

Digitalis does not have the abilit) to abohsli auricular fibrillation 
which has been present for an) length of time Occasional!) so great a 
diminution m the irregularit) of ventricular action accompanies slowing 
of the rate that regular rli)thm is apparentl) restored but the fallacv 
of such belief is readil) shown b) electrocardiograpluc examination If 
normal sinus rh)thm is resumed during the administration of digitalis 
tlie change occurs in spite of the thug the total arrh)thmia having been 
meiel) of liie parox)smal t)pc 

The state of optimum digitalization is dcterimncd through close ob 
servaiion of each patient The optimum ventricular rate at rest is usuall) 
bctv\een 70 and 80 beats per minute but occasional!) some individuals 
do better with a rate as low as r,o to Go per ininuie and others such as 
cases of aortic insunicienc) often feel at tbcir best with a rate of about 
go per imnute The heart rate should be determined at the apex because 
of the not infrequent presence of a pulse deficit (dilTcrence between the 
ventricular rate at the apex and the pulse rate at the wrist) winch tends 
to disappear under digitalis tliemp) 

The presence of a moderate mimlier of premature couiractioiis (c\ 
trasysioles) in congestive failure is not a tontraiiuhcation 10 the use of 
digitalis in fact at times prcmaiiirc contractions disappear under digi 
tihzaiion Howevci wlicii tttopic Ik its irt so mimtious ifni the stair 
of (ongisiivc failure iniglit jxissihlv be a rtsuli of tlic irrhyilinin t union 
should be exercised m the administration of the drug liccaiisc of ilic 
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danger of precipitating paroxysmal sentncuhr tachycardn or ventncuhr 
fibrillation avith possible fatal termination The inception of bigeminal 
rhytlim or of runs of premature contractions during digitalization is a 
danger signal demanding discontinuation of the drug 'When partial 
auriculoientncular heart block (ivjth mere prolongation of the PR in 
teiaal of the electrocardiogram or occasional dropped beats) is shoim 
on electrocardiogi-aphic examination the danger of causing complete 
auriciiloientnciihr dissociation uith further impairment of circulatory 
efficiency must be borne in mind But in complete heart block of pei 
manent type avith manifestations of congestise failure digitalis may oc 
casion benefit through increase of systolic efficiency 

Not uncommonly an eleaated systolic blood pressure falls and an ab- 
normally loss systolic pressine due to myocardial insufficiency is brought 
nearer to the normal level by digitalis therapy Particularly striking is the 
lendenq to louer the eleiated diastolic pressure and to increase the 
diminished pulse pressure so frequently present m congesmc failure 
Patients uith actual nephritis as a complication of myocardial failure 
tolerate digitalis uell Relief is not infrequently effected by digitalis in 
paroxysmal cardiac dyspnea (cardiac asthma) e\en when signs of fail 
ure are limited to the pulmonary circuit In angina of effort without e\i 
dence of congestive failure digitalis seldom proves of value But not un 
commonly probably by aiding in the improvement of myocardial cFi 
ciency it does relieve the moic continuous types of precordial or anginal 
pain which at times occur ui congesuve failure In coionary thrombosis 
accompanied by signs of congestive heart failure digiLihs is indicated 
particularly if auricular fibrillation with a rapid ventncuhr rate is pres 
ent m severe failure it may prove a lifesaving measure 

In the treatment of congestive failure due to active caiditis caused by 
rheumatic fever the benefit resulting from digitalis therapy quite often 
IS less striking than in myocardial insufficiency v\hicU has developed 
gradually over a period of years and in which congestive failuic is pre 
cipitated by respiratory infection overexeriion or some other factor In 
the administration of digitalis to children slowing of the heart with 
regular sinus i by thin usually is not pronounced and the incidence of 
loxic e/fc'cts is not iiifiequcnl 1 he possibility of iiinctilai fibrillation as 
a toxic manifestation of the ding must not be overlooked "-t no Elcc 
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trocardiograms should be taken at inter\als in order to detect partial 
auriculoventricular heart block or any other disorder of rhjthm. 

The use of digitalis is not indicated in the treatment of acute periph* 
eral \ascular failure (shock, collapse) , with rapid, thready pulse and low 
blood pressure— in the absence of myoardial failure. In this condition 
therapeutic measures should be directed to the vasomotor system and the 
restoration of blood \olume rather than to the heart. 

Adt 7 umstratioti of Digitalis' In prescribing digitalis it is essential to 
bear in mind that a certain amount of the drug must be accumulaietl 
in the body before therapeutic effect will become manifest: that tUien 
administered o\er a period of time at a rate faster than that of elimina- 
tion and destruction, the action of digitalis becomes more and more 
pronounced {cumulative action) , and that its effect, once apparent, is 
very prolonged, and can be maintained by dosage equivalent to the 
amount destroyed or eliminated from the body each day. The effect of 
digitalis on the heart muscle fibers, as shown by cliangcs in the T w-avc 
of the electrocardiogram, begins between two and four hours after the 
administration by mouth of a dose of o 065 Cm. (1 grain) of jxiwdered 
leaves per ten pounds of body weight (or o oG cc. or 1 minim or more 
of a standardized tincture, a ten per cent solution, for each pound of 
body weight), reaching its maximum in from the sixth to the twenty- 
fourth hour, 13, 104, ipo, 159 vvbicli may then persist as long as 4 to 15 
days after discontinuing its useiso. 159 Ju viexv of the persistence of 
action, there should be certainty before prescribing large doses of digi- 
talis that no digitalis body in therapeutic amount has been taken during 
the preceding ten days or two weeks. 

The principle of digitalis dosage proposed by ^\’llberi^gl•*5 (1785) , 
namely, “Lei ii be cowimueil wvvvvl vi ads ebbeY ow lUe kvdwcys, lUc 
stomach, the pulse, or the bowels; let it be stopped upon the first appear- 
ance of any one of these effects," still holds good with the exception that 
effort always should be made to avoid distressing gastric toxic effects 
Although it is possible that small schcalled tonic doses of o 03 to o.i Gm. 
(1/ to 1Y2 grams) of whole leaf (equivalent to 03 to i cc. or 5 to 15 
minims, not drops, of the tincture) m.ay help individuals with |xjor 
cardiac tone, doses of such sire arc not effective in cases with signs of 
advanced congestive heart failure. In general, the dosage of digitalis 
varies directly with the body weight. Fgglestonso (1915) found the 
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average dose necessar)* to produce “full therapeutic” or ‘‘minor tovic” 
effects to be 0.14G cat unit per pound of body Aveight— tliat is, about 22 
cat units or 2.2 Gm. (33 grains) of whole leaf (corresponding to 22 cc. 
or 330 minims of properly standardized tincture) for an indisidual 
weighing 68 kilograms (150 pounds). This figure represents the amount 
of digitalis uhich may be expected to produce the highest possible degree 
of effect in the therapeutic zone And it is knoun that in the areragc 
patient rvith failure of mild or moderate degree there exists a Aside 
margin betAveen the minimum dosage necessaiy* for optimum therapeutic 
effect and the maximum amount that can be tolerated Asithout toxic 
effects 50 

On the basis of body weight alone it is not possible to calculate 
accurately the total dosage Ashich will be required to secure full thera 
peutic effect in a given case. Extremely thin or elderly individuals tend 
to require a smaller amount than do light adults; children of four years 
of age or older, Aseighing over 40 pounds, require about 50 per cent 
more digitalis per unit of body weight than is needed by adults, while 
younger children, betAveen 16 and 40 pounds in as eight as a rule respond 
to digitalis more readily than do adults o.'i Also, the presence of an 
abnormal \ agus accelerator balance Avith marked acceleration of the 
rate, such as is likely to accompany fever, hypenhyToidism, neurocirctila 
tory asthenia, and cliildhood, tends to require a relatively greater amount 
of digitalis, with a resultant narrowing of ihe margin of safety between 
the stage of therapeutic benefit and that of toxic effects.l^ As a rule, 
the more advanced the degree of failure, the greater is the total dosage 
necessary for the securing of full therapeutic benefit Avithin a given 
period of time. In addition, it is not always possible to Aveigh the patient 
and to estimate correctly tlie amount of edema. Clinical experience 
shoii's that each case must be studied tndivtdually^'whh consideration of 
the influence Avliich body weight bears on the total dosage. 

For adults of average size, between 57 and 80 kg. (125 to 175 
pounds) in weight, the amount of digitalis needed to secure full them* 
peutic effect varies from 1.3 to 1.6 Gm. (20 to 24 grains) of whole leaf 
(equiv’alent to 13 to 16 cc. of the tincture) in about 90 per cent of cases 
when administered in a period of 24 hours; and the remaining individuals 
require a larger quantity, which in some instances amounts to 2 Gm. 
(30 grains) or more of whole leaf (which corresponds to 20 cc. or more 
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of the tincture) In congesiue failure of severe d<^ee with the patient 
confined to bed it is generalh quite safe to administer in divided doses 
1 '» Gm (i8 grams) of whole leaf (or i-* cc of the tincture) witJun a 
period of ”4 hours Provided no digitalis bodj in therapeutic amount 
has been taken b> the patient during the two weeks inimediatel) before 
hand such dosage will not occasion toxic sjmptoms except m tlie possi 
ble rare case of unusual suscepubilit) to the drug Tour tenths of a gram 
(6 grams) of the uhole leaf— in the form of four tablets or entenc 
coated pills of o 1 Gm or 11/ grams or one cat unit each— can be 
given ever) six hours for three doses (equivalent to 4 cc or Oo muums 
not drops of the tincture ever) six hours for ilirce doses) and if no 
digitalis effect is evident at the end of *4 hours tlie drug is continued in 
doses of o 1 or o •» Gm (one or two pills of i i/o grams each or i or 2 cc — 
or jo minims— of the tincture) ever) four or six hours— depending on 
the urgenc) of the condition the size and the age of tlie patient— until 
the desired result is ohiamcd The appearance of signs of clinical 
improvement name!) slou mg of iJie Iieari rate taken at tiie a/>ex relief 
ofd)spnea diuresis and the disappearance of c)“inosis edema and venous 
congestion is an indication that the patient s s)stem lias become saturated 
with the drug and that the dail) dosage sliould be retluccd to tlie mini 
mum amount necessarv for the mainteuauce of digualization 

In failure of mild or even of moderate degree sucli as is frcquenil) 
presented b) ambulator) patients rapid digitalization is not nccessar) 

1 till therapeutic effect usuall) can bescciireil in a week bv the adminisira 
tion of one o i Gm (il/ gram) pill three times eacli da) after meals 
(equivalent to 1 cc or i^ minims of the tincture three tunes a da) for 
one week) Somev\hat smaller dail> amounts will accomplish full digi 
tahzation in a penod of time somev^hat longer than a week Because 
of the fact tint a percentage of tlie drug in the bod) is exacted or 
destro)ed each da) a larger total amount of digitalis is nectled when 
digitalization is brouglit about over a period of dajs 

After the full therapeutic effect of digitalis Ins been established 11 1$ 
tiiaintained b) the dad) adininisiration of a dose corrtsi>ondtng to the 
amount of the dru^ excrtied or destro)cd each <la) The amount of 
digitalis effect which disapjaears from the lK>dv after full digitalization 
has been calculated to average 1 « cat units or 1 j cat units ever) 2j hours 
m studies based U|>on the appearance of minor toxic sMuptomsi‘''» (,r 
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cJnnges in the T A\a^e of tlie electrocardiognm There is a distinct 
Mrntion in the qtnntit) eiimimted each di) b) different mdividinls 
and more recent studies ha\e shoivn the rate of elimination to \arj 
directly asith the concentration of tlie drug m the body -ts -if lOO Clini 
cal experience has shown that a daily dose of o i Gm (iJ/i grams or 
i cat unit) tablet of the avhole leaf (eqmialent to i cc or 15 minims not 
drops of the tinctuie) aery frequently pioses adequate for the main 
renance of full therapeutic effect in the aicrage adult patient Therefore 
It IS well to try such an amount for a period and tlien if found unsatis 
factory it can be increased or decreased latei Each case must be studied 
indi\idually the exact amount necessary being dependent on the par 
ticular individuals body weight susceptibility to digitalis degiee of 
myocardial failure and physical activities The daily requirement for 
children 01 very slender frail adults may be as small as 0 05 Gm grain 
or l/> cat unit) while in others as much as o 2 01 o 5 Gm (two or three 
il/j gram pills) may be necessary to present the recurrence of manifesta 
tions of failure and furthei crippling Not infrequently patients learn 
quite well how 10 regulate tlieir own daily requirement 

After the optimum daily dosage has been determined and tiie patient 
Ins adapted himself to the {imitations of his pliysical activities tlic same 
dosage may be used regularly for months or years ivith but little or no 
change Practically always after severe failure the need for digitalis con 
timies for the remainder of life And through its constant use life and also 
the ability to carry on gainful occupation can be prolonged for years 
Except for the dimiinuion m effectiveness resulting from progiessive de 
generative dnnges in the myocardium incident to advancing years digi 
tabs does not lose its efficacy when conlimied over a long period of time 
To fallow the eSect of dtgtnhs ui coa^stne ftiliire i( is ueU to keep 
a careful chart of (1) the dosage (2) Uie heart rate at tlie apex and 
die pulse deficit (difference between the apex and radial pulse rates) 
particulaily if auricular fibrillation is present {5;) the fluid intake urine 
output and loss of weight to follow diuretic action (4) subjective symp 
toms and signs and (5) the lecortl of any procedure siicli as the admmi 
stration of a specific diuretic or the performance of a paraceiuesiv 
Determination of the vital capacity of the lungs also is of some value in 
following the jiatient s condition And the clectrocaidiogram is of imjioi 
tance at times m determining thiough changes m the T wave the extent 
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of digitalis effect. Digitalization usuall)' causes a decrease in the ampli- 
tude of the T wave. leading to flattening and in extreme cases deep inver- 
sion (following a depression of the S-T inter\al) in Leads I, II, and 
III 13 . 24 and similar changes in Lead IVp (or IVr.) . 

AdmiuisiralioJi by Houles Other than by Mouth: \VTien immediate 
digitalis effect is imperative because of the individual's grave condition, 
the drug can be given iniraveno 7 tsly in the same dosage that is used by 
mouth. If the patient has not taken any digitalis during the two weeks 
immediately beforehand, 12 cc. of a solution (specially prepared for hypo- 
dermic use in sterile ampules or vials) , equivalent to 0.6 Cm. of whole 
leaf may be given at once, slowly, allowing 30 to seconds to complete 
the injection: and a second dose of 8 cc., equivalent to o..j Gm. of uholc 
leaf, may be given in three or four hours. Quite often several hours after 
the second dose there is sufficient clinical improvement to permit oral 
administration of a third dose of 0.2 Gm. (3 grains), and a dose of 0.1 
to 0.2 Gm. (ii^ to 3 grains) six or eight hours later if necessary'. Usually 
tlte next day a maintenance dosage of 0.1 10 0.2 Gm. (iJ 4 to 3 grains) 
can be begun. The maximum effect of potent dosage intravenously occurs 
in about two hours, and lasts one or two days. If intravenous administra- 
tion is necessary in the case of an individual who recently lias been taking 
digitalis, a dose of 0.2 Gm. (3 grains) may be given, and be repeated at 
two-hour intervals until a therapeutic or toxic effect becomes evident. 

If the urgency of the condition continues, or if administration by 
mouth is rendered impossible by vomiting, coma or the inability to swal- 
low, the daily maintenance dose may be administered intravenously for 
an indefinite period. Although for long-continued use intramuscular ad- 
ministration usually is more suitable, the injection may at times cause 
local irritation or even necrosis. Only when it is impossible to inject the 
drug into a vein should the intramuscular or subcutaneous method of 
administration be selected for cmergenq* treatment. Rectal administra- 
tion of digitalis, either as a slow jnstillation of the tincture diluted in Go 
to go cc. (2 to 3 fluidounccs) of nonnal saline solution or as a suppository 
(after a cleansing enema) . is effective in tlic same dos.agc as by moutli. 
intravenously or intramuscularly, but it is apt to be irritating and is 
unnecessary. 

Other Drugs of “Digitalis Series”: Of the other members of the 
"digitalis series,” there is no preparation-with the exception of strophan- 
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thin for intravenous use in rare emergencies— that is superior to digitalis 
and therefore unless there exists in idiosjncras) to diginhs or it is im 
possible to obtain digitalis or strophanthin their use is not to be recom 
mended Preparations of apocynum 89 convallaria 89 strophanthus^s 59 
and of squill itself have been found to be distinctly inferior to digitalis 
in effectiveness and reliability 

The field of strophanthus therapy is limited to intravenous admini 
stntion of the strophantluns Ouabain (g strophanthin of Thoms) 
derived from the seeds of Strophanthus grams is a crystalline glucoside 
which is at least tv\ace as strong as the pharmacopoeial strophantliin 
(amorplious strophanthin) a glucoside or a mixture of glucosides from 
Strophanthus koiiib^ Oral administration of preparations of strophan 
tlius IS not advocated because of the danger arising from the uncertainty 
of their absorption from the gastrointestinal tract 

In the treatment of oven\helming failure ouabain (crystalline stro 
plnnthin) or tlie pharmacopoeial amorphous strophanthin may be 
used intravenously instead of digitalis It must be borne m mind that 
ouabain is ac least twice is strong is the pharmacopoeial strophanthin 
that 1^0 mg 0 gram) of ouabain is the equivalent of one cat 
unit The speed of action of stroplnnihm when given intravenously is 
usually more rapid than that of digitalis an effect becomes appreciable 
m 5 to 15 minutes attains its maximum in from 15 to 50 minutes and is 
maintained foi i** to 24 hours i 5 o Large dosage is dangerous and 
there must be certainty as to wliether tlie individual recently has been 
taking digitalis If no digitalis body has been used during the 48 hours 
immediately preceding a dose of ^ rog ffram) of ouabain may 

be given intravenously and followed by doses of ^0 mg 50 grain) 
every half hour until therapeutic or toxic effects become evident and 
then a dose of to 1/ mg Vi'^O gram) may be given once 

every day or two if necessary 

Urgmm a mixture of two of the active water insoluble glucosides of 
squill (crystalline scillonin A and amoiphous scillonin B) exerts a bene- 
ficial action on the heart 111 congestive heart failure with or without 
aunciihi fibrillation 19 20 s- It is available in tablets of lA mg 
(V^2o grain) each For administration by mouth two tablets are cquiva 
lent to one o 1 Gm (il/ grain or ont cat unit) tablet capsule or pill 
of whole leaf of digitalis Urgmm offers no advantages over digitalis 
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m the trentment of m>ocardial insufficiency onl> in the unusual instances 
in uhicli nausea or \omiting due to an idiosynciisy or prejudice renders 
It impossible for the patient to take the amount of digitalis necessary for 
full therapeutic effect should urginin be substituted for digitalis No 
piimary diuretic action of squill has ever been demonstrated 

The\etm a cardiac glucoside from the nuts of the trojucal be still 
tiee The\etia nereifoha (Jussieu) related to apocynum is one eighth to 
onesesenth as potent as ouabain 2i When administered intravenously 
It has been found capable of restoring and maintaining circulatory cfTi 
ciency in some cases of congestive failure but us inherent tendency to 
pioduce untouard gastrointestinal effects particularly cramps and diar 
ihea renders oial administration unfavorable *1 *12 i" At present us use 
IS not to be recommended 

Changing fiom one preparation of digitalis lo another with the hope 
of obtaining better results is as a rule quite unnecessary since thcrapciuir 
effects can be adiicvcd with any active preparation if administered in 
sufficient dosage An exception is the verv rue case vvith a hypcrscnsuivt 
reaction to digitalis for whom a preparation of some othci drug of the 
digitalis senes may prove tolerable without io\ic effects whereas digit ilis 
111 dosage less tlian the amount required for ilicrapciuic effect occasions 
nausea and vomiting As a general rule however the toxic and then 
peutic effects of prepaiations of digitalis or of any other drug of the 
digitalis series aic parallel a preparation that can be taken m very large 
dosage without toxic symptoms is likely to be inactive thenpcutically 
and one that is very active thcra|>eiuically tends quickly to pioduce toxic 
effects There is no proof that the higher priced prepantions possess anv 
greater tlierapcutic efficacy than tliose of lower price 

Other Cardiac Drugs Fpinephnne (adrenalin) has no specific value 
ju die treatment of congestive heart failure us chief value lies in the 
revival of heart action in the ventricular standstill of the Adams Stokes 
syndrome or in severe sinoauncular depression when it is adimmstcrccl 
subcutaneously or intravenously in doses of 023 to t cc of tlic 1 1000 
solution (equaling o 23 to i o mg) of the hydrochloride at iniervnis of 
every few hours as needed i-»S \t times 11 proves helpful sccondarilv in 
paioxysmal cardiac tlyspiica with severe broncfual spasm hut us ust in 
such cases must he attended with nutiou I ftUedtme rcicnihlcs tpmc 
phniie in action although us effect is less intense and more prolonged - 
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The usual clinical dosage of ephednne hydrochloride is 25 to 50 mg 
to ^ gram) b) mouth three to sui times daily. It is less likely to 
produce dangerous ^ent^lcular tachycardia or \eiitricular fibnlhuon tlnn 
IS a large dose of epineplinne Occasioinlly, hoive\er, ner\ousness lesuUs 
from its use 

Caffeine, although of some lalue as a circulatory and lespiratory stini 
ulant, is not a substitute foi digitalis m congesiise heart failure The 
xanthine (purine) compounds, namely, caffeine, theobiomme, and theo 
phylhne, are quite generally believed to liave a dilating effect on the 
coronary vessels with a resultant increase of blood flow through the 
myocardium, 31 * 1 JO i-l although some investigators have not been 
able to demonstrate their efficacy Nevertheless, some patients with car- 
diac pain do respond favorably to die xanthines, paiticuhrly to theo 
phylhne sodium acetate, o 25 Gm (4 grains) , theobromine sodium 
acetate, o 5 Gm (yl/^ grams) , theophylline calcium salicylate (phylhcin) , 
05 Gm (714 grams), and theopliylline ethylenediamine, 02 Gm (3 
grains) !■* Caffeine citrate has Jitile 01 no tlierapentic value as a coron iry 
artery dilator Caffeine sodio-benzoaie in dosage of o 3 to 1 0 Gm (5 to 
>5 grams) subcutaneously 01 intravenously, .as also theophylline etiiyl 
enediamine in dosage of 025 to 05 Gm to 754 grams) diluted to 
10 cc. administered slowly mtiavcnously isofvaluein the relief of Cheyne- 
Stokes respiration Theophylline ethylenediamine administeied intrave 
nously, thiough its ability to relieve bronchial spasm, tJC pioves of par 
ticiihr benefit in jxiroxysnial cardiac dyspnea (uardiac astliina) The 
xanthine derivatives also have primary diuretic .action 

Camphor and its allies have but little, if any, effect on the .action of 
the heart SS In experiments on animals camphor dilates the coronary 
vessels but it is not certain that this occurs in man with therapeutic 
doses 31 Improvement in the pulse which at times is observed after sub 
cutaneous injections of camphor in dosage of o 2 Gm (3 grains) in 01! 
may be due to the local irritation causing a reflex me of blood pressure 
and stimulation of respiration Cardiazol, also known as metrarol, is a 
synthetic compound (pentanieiliylencteirazol) , which Ins been recom 
mended for circulatory failure as an improved substitute for camphor, 
it does stimulate the resjuratory and vasomotor ccntci, but us value as 
a cardiac stimulant is somewhat qucsiioiiablt. Coiammc, cluminlly 
pyridine ^ carboxylic acid diethylamide, also has been widely used as a 
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respiratory and circulatory stimulant, especially m cases of overdosage 
uith morphine, avertm or other narcotics 149 Its effect on the luiraan 
respiratory center depressed by morphine is less rapid and prolonged than 
that of cardiazol It does cause an elevation of blood pressure through 
stimulation of the vasomotor center, but whether it stimulates the heart 
directly has not been established In dosage of 2 to 4 cc. intravenously 
It is of value in the relief of Cheyne Stokes respiration and paroxysmal 
cardiac dyspnea 

Strychnine does not stimulate the heart directly,i 27 although it may 
produce mild vasoconstriction through action on the medullary center 
Sparteine, an alkaloid found in the common broom plant and in various 
species of lupines, has been exploited for use in heart disease largely 
because of its supposed value as a diuretic, but it lias proved of no value 
Cactus also is of no benefit as a cardiac remedy Mention should be made 
of the fact tint the use of quinidine generally is forbidden m patients 
with marked cardiac enlargement, or with history or signs of congestive 
heart failure 

Oxygen Inhalation of 40 to 50 per cent oxygen by means of a specn! 
tent, chamber, hood, mask, or double nasal catheter or oropharyngeal 
catheter holds an important place in overcoming marked dyspnea and 
cyanosis in acute congestive heart failure, and in the treatment of serious 
complications such as pulmonary infarction and pneumonia 5 Admin 
istration by catheter is the least satisfactory, and should be employed only 
if no otlier appliance is available In arteriosclerosis or coronary heart 
disease of long standing with severe manifestations of failure not relieved 
by rest, digitalis or other therapy, oxygen inhalation brings about slovung 
of the heart rate, and relief of dyspnea, cyanosis, restlessness, and Cheyne 
Stokes respiration, if present, and residence in an oxygen tent or chamber 
over a period of days or even weeks occasionally promotes diuresis, with 
possible subsequent restoration of rayocaitiial efficiency Oxygen treat 
raent before and after operauon is valuable m preventing postoperative 
complicauons in advanced myocardial insufficienq, parucularly in cases 
of hyperthyroidism In acute pulmonary edema due to sudden failure 
of the left ventricle positive pressure of helium oxygen to compensate for 
the increase m internal capillary blood pressure is of speaal benefit 6 
In acute coronary thrombosis witli evidence of severe anoxemia, inliala 
tion of oxygen not uncommonly proves a lifesaving measure, oxygen 
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concentration as high as 90 to 100 per cent for the first 12 hours is of 
critical \'alue. 

Intravenous Glucose: Intra\enous administration of a hypertonic glu- 
cose solution is at times helpful in obstinate cases of congestive heart 
failure, in relieving parox)smal cardiac dyspnea, and xn the treatment 
of shock folloning coronary thrombosis. From 50 to 100 cc. of a 50 per 
cent solution (or 200 to 250 cc. of a 10 to 20 per cent solution) , tvarmed 
to body temperature, aie injeaed slowly once or tuice daily for seseral 
days. Its \alue is ascribed to the nutrient effect on the myocardium and 
the diuretic action of glucose. The administration of blood serum inira- 
senously in conjunction with glucose solution may prove of benefit in 
obstinate cases of congestive failure with a definite depletion of blood 
serum protein. 

Diuretics: The use of drugs with primary diuretic properties such as 
the xanthine (purine) derivatives, mercury, bismuth and certain salts is 
indicated in congestive heart failure when edema and dyspnea persist 
after rest, digitalis in adequate dosage, and restriction of fluid and sale 
intake. Through diuresis the heart is relieved of the added burden of 
propelling the blood through tlie compressed blood vessels, the blood 
volume is decreased,37 and in all probability the efficiency of the heart 
is increased by loss of edema from the myocardium. Ascites due to con- 
gestive heart failure generally disappears under diuretic therapy. But 
hydrotliorax, on the other hand, tends to remain unchanged, and should 
be removed by mechanical means m the beginning of the treatment Not 
infrequently abdominal paracentesis, and at times thoracentesis, results 
in a marked improvement in urinary excretion. In cases with little or 
no peripheral edema but v\ith dyspnea and other manifestations of pul 
inonary vascular congestion in spite of full digitalization, lehef occasion- 
ally is afforded by use of a xanthine or a mercurial diurelic.^*^'**®! In 
the selection of a diuretic for use in a given case, factors demanding con- 
sideration are: The presence of nausea or vomiting, the existence of 
nephritis, and the necessity for prompt diuresis. 

Xavtiune Purine Group: Generally speaking, in the absence of 
nausea, vomiting and urgent emeigency, it is w’ell to administer a xan- 
thine preparation by mouth before resorting to the new mercurial com- 
pounds whicli must be given intravenously or intramuscularly, or in the 
form of rectal suppositories. Of the xanthines, theophylline (or theocin) 
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possesses greater diuretic effect tlian theobromine and the latter is stronger 
than caffeine but the degree of gastric irritation occasioned by eadi is 
m reverse order 3 i C3 All xanthine preparations should be administered 
intermittently ivitli a free intenal of seseral da>s after seseral dajs of 
administration othenvise an initial diuresis lull fall quickly to the pre 
\ious Ie\el In about one half of llie cases uitli edema persisting after 
rest and proper digitalization theobromine or one of its salts produces 
satisfactor) diuresis Theobromine sodium salicylate (diuretm) U S P 
in doses of o 5 to i o Gm (7!/^ to ig grains) b) mouth three or four 
tunes a da) for several da)s and repeated at intervals of several da)s 
often proves effective as also does theobromine sodium acetate admm 
istered m similar dosage Theobromine calcium salic)late (theocalcm) 
in doses of i o to 1 5 Gm (15 to grains) three 01 four times a daj 
IS said to be more effective and more easil) tolerated than diuretm and 
theocin Theophylline (theocin) in doses of 0 2 to o $ Gm (3 to 5 
grams) by mouth three or four times daily after meals for one to three 
days generally produces diuresis although nausea and more rarely renal 
irritation or mental aberration may lesult Although derivatives of 
theophylline with supposedly less toxic effects are available they almost 
invariably prove less efficient as diuretics Theophylline ethylenediamine 
(euphyllin nietaphyllm aminophyllin or thephyldine) in doses of 009 
to o 18 Gm (11/ to 3 grams) by mouth four times a day occasionally 
has a satisfactory effect The dosage of tlieopliylline calcium salicylate 
(phyllicm) IS 025 Gm (4 grams) and that of theophylline sodium 
acetate o 2 Gm (3 grains) two to four times a day by mouth lu addi 
tion to their usefulness as diuretics the xanthine compounds may prove 
of benefit by virtue of an active dilating effect on the coronary vessels 
Also they are of value m the lelief of Clieyne Stokes respiration (as men 
tioned m discussion of Other Caidiac Drugs) 

Mercurv For many years calomel (mild mercurous chloride) has 
been used as a diuretic being administered by mouth in dosage of o 06 
to o i** Gm (1 or 2 grams) two or tliree times a day for two or three 
days but care is necessary to avoid disagreeable toMC effects such as 
stomatitis and diarrhea But since the introduction of inerbapben or 
novasurol (a mercury urea compound) in 1920 m mersalyl or salyrgan 
(a mercury salicylate compound) in i<)®| J’' and novmit or mercupunn 
(a mercuiy theophylline compound) m 1928 72 each prepared m ampules 
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for ttse intravenously or intramuscularly, calomel is raieiy prescribed for 
diuietic effect Salyrgan and tlie nieiciu) portion of meicupnrin (iner 
curin) are available also in the foim of lectal suppositories 

The new mercurial compounds are more rapid in action and more 
powerful than the vatithine deinaiives And salyrgan and mercupurin 
are relatively nontoxic Continued use of novasmol is liable to cause 
stonnutis, colitis and bennliina but reml irritation is rarely observed 
with salyTganTofi or mercupmin One cubic centimeter of ten per 
cent solution of salyigan connins 00396 Gm of mcrciiiy, and i cc of 
133 per cent solution of mercupurin contains 00393 Gm of mercun 
Some clinicims have obseived a greaiei diuresis resulting from mercu 
punn linn from salyrgan or novasurol, attributing the difference to the 
componcntal five pei cent of ilieophyllin in mercupurin 2S ^4 lo", 1 Ui 
Intravenous administration of these prejjarations is preferable to injcc 
tion intranujscuhily in tliat the heter procedure is attended witli some 
risk of local initation Howevci, mercupurin is less iiTitatmg to the 
tissues than salya-gan, and can be given intramuscularly (preferably m 
tlie gluteal region) Tor intravenous injection u is well to use a needle 
of small caliber, since leakage fiom the vein into die subcutaneous tissues 
IS liable to cause irritation, or even local sloughing of the skin (in the 
case of saly rgan) One cubic centimeter of salyTgan or mercupurin should 
be injected fust to test ilic nidn idual foi possible idiosyncrasy to mercury 
and then the next day a dose of i or 2 cc may be given Since tbe urinary 
output following an injection fieqiienily amounts to six or more liters 
in hours in cases with marked edema, the drug should be given early 
in the morning in order that the major diuresis may occur before bed 
time The patient should have an adequate salt balance (2 o Gm a day) 

A dose of simd.ai size may be administered at iiitenals of a feu days 
to one or two weeks for a period of months or even years.i-i-i if necessary 
But a rest period of at least several weeks is generallv advisable after a 
senes of six injections Because of an antagonistic action it is well not 
to use merturnl diuretics and moiplune simultaneously 

The rectal suppositories of salyigan and mercunn (the mercury por 
lion of mercupuiin) , although somewhat less effective than the prepara 
lions administered miravcmmsl} or intramiisrul nly , aic.at times of great 
advaiiia'gc. especially to the general prartiiionei m the field ind in the 
treatment of patients whose veins are not leadily accessible -*5 105 Ladi 
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mercurin suppositor> contains approximatelj fne limes the amount of 
inercur) that is present m i cc of the preparation rvhich is used intn 
senousl) A deansing enema should be administered earlj in the mom 
ing one or tuo hours before the suppository Tenesmus uluch at times 
is occasioned by the mercurial preparation may be presented by the use 
of an analgesic rectal suppository about sesen minutes immediately 
beforehand In the presence of diarrhea enterocohiis and hemorrhoids 
or any other rectal disorder caution must attend the use of the mcr 
curial suppositories 

Marked albuminuria consequent to chronic passu e congestion is not 
m Itself a contraindication to the use of the mercurial compounds Hou 
e\er in the presence of acute nephritis uiili red blood cells in the urine 
caution must attend their use which should perhaps be limited to patients 
HI ex/rcuuj Because of the danger of nitrogen rcienuon and toxic mam 
festations they should not be employed in cases with chronic nephritis 
with specific gtxuiiy fixed about i oio eten though the blood nonprotciii 
nitrogen is not elesated Particular care should he exercised in the ad 
ministration of the new mercurial compounds to elderly atherosclerotic 
induidtials especially if cachectic s\ith a poor state of hydration Danger 
lies in the extra burden placed upon the heart by the inn cased blood 
solume occasioned by the absorption of large amounts of lUiid from the 
interstitial spaces and the fatigue produced by the passage of large tpiami 
ties of urine Also U is quite probable that the edema fliud of elderly 
cardiac patients asith impaired renal function may contain toxic niaicrnls 
possibly esen large amounts of digitalis a\hich may cause disagreeable 
symptoms Excessisc dehydration of the body by mercurial diuresis ina\ 
catise distressing symptoms such as restlessness mental confusion and 
apathy sometimes progressing lo coma and esen death This syn 
drome— marked also by cxcessisc thirst and dryness of the tongue— 
demands immediate administration of fluuls and stKhiim chloride It is 
well therefore in patients of ibis lypc to limit the dosage to i cc by 
\cm or to half a suppository 

In Slew of the fact that the xanthines are belies cd to promote diuresis 
through increase of glomerular filiraiion and the mcrCTirial prcpantioiis 
through diminution of tulmlar rcalworption the use of the isso groups 
of substances ahcniately or in conjunction ssitli one another (the xan 
ilune by mouth and the mercunal intnscnously) mas prose of advan 
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tage m cases with obstinate edema 67 es ii5 Also the action o£ the 
mercurial diuretics can be augmented by die administration of acid 
producing salts such as ammonium chloride or ammonium nitrate in 
dosage of 6 to lo Gm (go to 150 grams) daily for two or three days prior 
to and during the use of the mercurial preparation "8 But the necessarily 
large dosage of these salts even when admmisteied in enteric coated pills 
of 05 Gm (71^ grains) each frequently causes nausea and vomiting 
and persistent vomiting may lead to a relative alkalosis (which tends to 
dimmish diuresis) Usually their use is not necessary the mercurial 
preparation alone proving adequate but in cases with obstinate edema 
they occasionally are effective 

Other Diuretic Drugs Ammonium chloride has diuretic properties 
ofitso'wn as also do ammonium nitrate ammonium sulfate magnesium 
sulfate, calcium chloride certain salts of potassium and urea In order 
to be effective by themselves in congestive heart failure these salts must 
be administered in very large doses which generally prove disagreeable 
often causing nausea and vomiting The required dosage of calcium 
clilondeil^ is 10 to 20 Gm (150 to 300 grains) and of potassium nitrate 
6 to !•» Gm (90 to 180 grains) a day Urea m dosage of 10 to 25 Gm 
(150 to 375 grams) two or three times a day may be given with benefit 
for a period of weeks or months but it should not be prescribed when 
there is elevation of blood urea nitrogen 20 C3 98 At times it pioves 
successful after other diuretic measures have failed it is particularly use 
ful when adequate urinary output is not maintained after the removal of 
edema by other measures Although not pleasant to take patients soon 
become accustomed to it it is best given diluted m water after meals 

Arsenic and faismuthisj also possess diuretic properties but are 
inferior to the mercurial preparations In ordinary doses such as used 
in the treatment of syphilis moderate diuresis occurs without demon 
strable injury to renal efficiency 

Parathyroid extract (parathormone) has been found of value in 
geneialwed edema associated with severe disturbance of kidney func 
tion 92 It may therefore prove of benefit when nephritis is a complica 
tion of congestive heart failure Although it does mobilize calcium in 
the blood its diuretic action differs from that of calcium chloride which 
acts through the production of an aadosis 
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Diet In congests e hcnrt hilurc the process of digestion gciicnll) is 
impTired ilirough the circulnior) stisis in the pornl s)siein Piticnis nrt 
prone to sufTer giseous djspepsi'i nnd constipition due to disturlnnrc of 
the g^slrolntest^ml tone md secretion rcsiiliing from ino\enin of ilic 
mucosi ind muscuhns not infrequent]) ibdonnm! distention miscs 
cmlnrnssment of the hc-iri through its disphcement upunid and otm 
siomll) musei nnd somiiing form a senons problem Tlic extent of 
dietar) restriction nctessir) m t gucii nse is detemnned hj the dt^rcc 
of congesiise fniliire the underljmg ctiologicil fnctors nnd tJic pniicms 
bod) weight 

In general the diet should be adequate in caloric \ahic to maintain 
the body weight at or slightly helots the noninl Icstl lontaiiung an 
ihundance of easily assiinilaied carboliydraie a relatively low unount of 

tOODS TE-SUINC to PrOOCCF I l \Tl UNCI • 


\ cgciables 

licans especially dried 

Broccoli 

Brussels Sprouts 

Cabbage 

CauliHow er 

Corn 

Cucumber 

Garlic 

Lentils 

Onions 

Peas fresh and <Iric<I 
Peppers 
Potato 
Radishes 
Rutabaga 
Sauerkraut 
Swiss Chard 
1 urnips 
Fniiis 

\pj»lc8 raw 

Melons csjKrcialh camalotipc 
and v\atcrmclon 
Raisms 


Sweets 

Ml grovs sweti foods as 
Candy 
Sugar 
Jilhcs 
Jams 

Preserves ttr 

Cliccsc all highly fcrmciuctl 

\ms all kinds 

Soups 

Meat sf)ups or broths 
\ cgciablt stock from the (,as 
forming vegetables 
Bescra^es 

Carbonated waitr 
nip,bl\ sv\cctcncd drinks 
Codec 

Combments and niber hxxls 
Ml condimcnis oilier than salt 
Lxcfvsivel) salted fomls 
Spift s 

Uncookal ftKtds 
Fried or gnaw f«KKl csj>efiallv 
cold 


Tron Trmrnrntls U C.J IUtl-.«la J ^ > 'PP ttlCunijmlUb Ulpb 
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protein, sufficient fat to meet the cilonc needs, and an adequate mineral 
and Mtamin content The basal metabolic rate is reduced to a loiser 
level by definite restriction of the diet and absolute rest in bed, and the 
Jieart is benefited thereby Large meals should be avoided because of the 
danger of precipitating cardiac embanassment either through gastroin 
testinal cardiac reflexes or abdominal distention a light evening meal is 
particularly impoitant Carbohydrate in the form of sugars such as dex 
trose or lactose honey (fructose) dextromaltose malted milk Karo 
syi up and foods from carefully treated cereal grains being readily utilized 
for the production of eneigy, is of paiticular value to the patient with 
in)ocaidial insufficiency 7 no, 3 -io protein for the adult patient of 
average size should be limned to a daily intake of approximately 50 Gm 
because of its specific dynamic action and the extra load which ns 
metabohsm will throw upon a damaged heart In the presence of acute 
rheumatic infection with fever and especially m children, however, an 
abundant diet with a high protein content is necessary to combat the 
tendency to a negative nniogen balance The individuals idiosyncrasies 
and whims in regard to diet should be given consideration As a lule, 
however, all fried or greasy foods should be avoided as also should pork 
veal salmon, sardine coaise ccieals and breads raw fruits and vegetables 
coarse i^etables and frutts concentrated acid fruits and vegetables, and 
spices and condiments otlier than salt Milk and leafy vegetables in small 
quantities contain the necessary minerals and orange and tomato juice 
provide sufficient vitamins The quantity of sodium chloride should be 
restricted to that contained in the aveiage diet as it reaches the table, 
only small amounts having been used in cooking the food (whicli is the 
equivalent of 2 Gm (30 grams) a day— piovided the butter is unsalted 
and unusually salty foods are not included) A salt free diet— which 
IS unpalatable— IS not necessary If edema is piesent, the total fluid intake 
should be limited to goo to 1500 cc in 24 hours 

In the presence of marked edema a semi starvation diet of approxi 
niately 800 Calories foi a few days or several weeks the length of time 
depending on the patients body weight and the response to treatment, 
frequently brings about improvement in cardiac efficienq and marked 
diuresis (See Diet I) The Karell diet, which allows only 200 cc 
(7 ounces) of skimmed milk four umes m 24 hours without other food 
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Diet I— Gra\e Congestion. About 800 Calories* 

Breakfast (8 to 9 A m ) 

(a) Bread or toast (tvith or svithout synip or hone)), oz and 
one cup of tea (with milk and one or two lumps of sugar) , 
5 oz 

or (b) One raw egg in milk, 6 oz 
Dinner (I 30 p m) 

Minced meat or chicken, 2 oz., or fish 3 oz 
Bread 1 i/i oz , or spinadi, 2 oz 
Slipper (7 P M ) 

(fl) Custard, 5 oz 
or (b) Milk pudding 4 oz 

or (c) Bread and milk (milk 4 oz . bread, 1 oz with sugar) , 5 oz 
Drinks in small quantities between meals Total fluids, including tea and 
milk in above dietary rarely to exceed 20 oz (570 cc.) 

Diet II — Cowalescence. Withoitt Exercise, About 1500 Calories 
Breakfast (8 to 9 a m) 

(a) Bread 2 oz 
Butler, 54 

One egg, poached or boiled, or white fish (not fried) , 3 oz 
Tea or coffee. 4 oz 
Milk, 1 oz 

Sugar, one to two lumps 
Honey, 1 oz 

or (b) Grapefruit or orange 

Cereal dry cornflakes 1 oz or cooked oatmeal, 3 oz 
Milk, 5 oz 
Sugar, 1/2 oz 
Dinner (I 30 p m) 

( 11 ) Fish white (not fried) , 4 oz (or meat, chicken rabbit, mutton 
sweetbread or game, 2 oz ) 

Potato 3 oz , or bread, I oz 

Spinach, tomato green of cabbage, peas or beans or salad 
2 to 3 oz 

(b) Milk pudding 5 oz 

with cooked fruit (prunes, plums, apricots baked apple) 
w ith sugar, or raw orange peach or grapes 
Tea (4 to 5 P M ) 

Tea, 4 oz 
Milk, I oz. 

Sugar, one to two lumps 

• From Diseases of the Heart by Sir Thomas Lewis The Atacmnian Company 2nd 
edition New \ork 1937 
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Supper (7 pm) onlj one course 
(o) Fish -i oz 
Potato 3 oz 

(b) Milk pudding 6 oz 

(c) Chicken 3 oz or fish 4 oz 
Salad 

Any o[ these (a) to (r) ^Mth bread 1 oz butter i/i oz 
All meals to be taken without fluids Fluids to be drunk an hour before 
chief meals tvater or for those accustomed to alcohol whisk) or brand) 
{J4 oz) and ivater not more than twice daily or once with one glass sheny 
claret hock with midday meal Total fluids up to 40 or 50 oz 


and with but little additional fluid often proves of value but m its 
stnet form it should not be continued for more than two or three con 
secutive days Tor individuals who dislike milk i modification of the 
Karell diet such ts proposed by Bannick and Smith 4 may be substi 
tuted —the food being prepared withotit adding salt ind water or pellets 
of ice being permitted in an iinotmt which bungs the total intake of 


Mooihed Kakell Diet or Bvnnjck and Smith 
Composttiot} of Diets 


Dul 

1 ' 
G , 

1 ! 
ft, 1 



Catetum 

a 

C 

1 

1 

S 

1 

1 

S 

i 

a 

c 



Karell 

Mod fied Karell 

40 

53 

24 ' 
26 

32 

40 

696 

46S 

0 96 
0 40 

1 

0 096 
0 073 

1 144 
0S66 

|0 40S 
'0 583 

0 744 
0 550 

0 848 
0 852 

0 272 
0 368 

0 0019 
0010 


Breakfast 


Bread (toast) 


10 Cm 

Ten per cent iron, (mange) 

Gm 

Sugar 


5 Gm 

EgS 

Dinner 

1 

Bread 


10 Gm 

Cream soup 


150 Gm 

Butler 

Supper 

5 Gm 

Bread 


10 Gm 

Milk 


200 Gm 

Butter 


10 Gm 

Egg 


1 
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fluid m ivater and food to 700 cc Chewing of gum and the sucking of 
lemon sour balls are helpful in tlie alleintion of thirst After setcral 
dajs simple foods such as cereals and cream fruit juices toast with un 
salted butter soft boiled ^gs ^egetable purees jellies and ice cream 
should be allowed with an increase to 1200 Calories but with the amount 
of fluids still limited to 900 01 1200 cc Patients with recurring edema 
frequentl) are benefited by repeating the karell diet or its modification 
e\er) three or four dajs Howeter the danger of too rigid or prolonged 
restriction of fluids must be kept in mind m fact some patients respond 
better when a more liberal fluid intake is allowed Occasional!) just 
before or after surgical operation an increase of fluid intake to 1500 or 
1800 cc is permissible for clearing the nrinar) tract But intrasenous or 
subcutaneous administration of saline solution or other fluids must he 
earned out with caution because of the danger of precipitating or aggra 
i-ating edema of the lungs and dependent edema 2 23 40 

Anorexia and nausea which at times constitute a serous problem 
often can be relies ed b) means of a more tempting arrangement of the 
diet Occasional!) solid foods can be retained whereas liquids cannot 
be Persistent aomiting demands careful stud) to determine whether it 
is due to ^ enous stasis improper diet o\ erdosage of digitalis or too heroic 
medication And if \omiting is severe absolute rest of the stomach is 
advisable onl) bits of cracked ice being offered sips of cold ginger ale 
carbonated water or iced champagne may be allowed provided the gas 
does not cause anno)ing abdominal distention A.fter i" or 24 hours tea 
toast milk and lime water peptonized milk whe) albumin water (con 
sisting of the whites of six to ten eggs a da) flavored VMth lemon) , and 
strained vegetables ma) be added gradiiall) Bismudi subcarbonate or 
ceniim oxalate in dosage of 06 Cm (10 grams) b) mouth one half 
hour before feeding may prove efficacious In obstinate cases feeding b) 
rectum or glucose solution b> vein ma) be necessary 

After the stage of severe failure the caloric intake ts gradually increased 
and the consistency of the food is clianged from that of the liquid and 
soft to a light mixed diet of 1500 to 2000 Calories with 200 Gm of carbo 
hydrates 40 to 50 Gm of protein and 100 Gm of fat Concentrated 
foods such as fish meat and eggs are usually preferable to a strict vege 
tanan or lactovegetarian diet bulky vegetables of low caloric yield 
should not be used Tei and coffee imy be used m modention but 
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excessive unounts must be voided beciuse of the tendency to ciuse 
sinonuicular tacliyciidia and premature beats and occasionally paroxys 
mal tachycardia Alcoholic beveiages m small or moderate amounts often 
have a relaxing effect and thus may aid in seeming lest Through vaso- 
dilatation alcohol also may leheve or prevent angina pectoris The 
amount of smoking should be definitely limited if not abandoned alto 
"ether Some individuals, are particulaily sensitive to tobacco cxpenenc 
ing premature contiactiotis simple tachycardia paroxysmal tachycardia 
or even paroxysmal auricular fibrillation or an attack of angina pectoris 
and at times presenting Imveiing or inversion of the T waves of the 
electrocardiogram 5 - Also smoking may prove harmful by promoting 
cough and uppei respiratoiy infection 

Tor patients with arteiiosclerosis and arteual hypertension particii 
hily if obese and with symptoms or signs of coronary artery disease 
tommued restriction of the diet to 800 Calories (approximately 80 Gm 
of carbohydrate, 50 Gm ot protein and 35 Gm of fat) or to 1200 Calories 
foi a period of several montln or longer at times proves of bene 
fit 00 01 110 Cut tlie fact must be kept m mind that the blood serum 
piotein level tends to be lowered m congestive heart failure of long 
standing with marked edema <*5 and that in sucl) event a more liberal 
diet IS indicated IVhen obesity is associated with congestive heart fad 
me the diet should be limited to bung about a giadual redaction to 
4 15 to G 8 kg (10 to 15 pounds) undciwcight Such procedure is of 
value since in obesity the function and nutrition of the myocardium is 
impaired by subepicardial deposits of fat the blood capillary system 
and tlie total metabolism are increased in obesity the action of the heart 
is embarrassed by displacement upward by intraibdominal fat and on 
exertion the work of the heart is increased through the grcatci expendi 
ture of energy involved m moving the excess weight i-is Patients vvitli 
coronary artery disease and diabetes requiring insulin should be given 
carbohydiates in amount su/ficient to keep the blood sugar slightly above 
normal m oulei to avoid the danger of piecipitating angina pectoris by 
causing glycogen deficiency of the inyocaiduim 

Cathartic and Laxatives In congestive heart failure vigoious pur 
gallon as a routine measuic is not to be itioinniendcd btcmse of us 
weakening clfett ami the icnduuy to piovoke gistiit ujwci 1 requent 
use of the bedpan or commode is tiring— leqninng effort when rest is of 
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Cardiac Diet* 

50 Gm Protein — 1800 Calories 

QiiantitaUve and Esttmaled QuantitaUtfe Total Food Allowance for One Day 
Carbohydrate, 210 Protein, 50, Fat, 85, Calories, 1805 


Gm 


Food 

11 «g/.t 

Hoiisefiotd ^{easure 

Cereal (cooked) 

HO 

Vl cup 

Bread 

CO 

3 thin slices 

Butter 

35 

3l^ squares 

Salad dressing with oil 

Milk 

400 

2 glasses 

Cream, 20 per cent 

GO 

Vi ™p 

Meat (lean) 

Bacon 

45 

1 small sen ing (1 jounces) 

Egg 

50 

1 

Vegetables, 3 per centl 
Vegetables 6 per cent) 

300 

3 servings (li/^ cups) 

Fruit, 10 per cent or 15 per cent 

300 

3 servings 

Potato or substitute 

150 

2 small sen mgs (^ aip) 

Sugar and jam 

30 

2 tablespoons 

Dessert 

100 

1 sening 


Suggested Distribution of Total F ood Allowance for One Day 


Breakfast 

Fruit, 10 per cent . .. 

Cereal (cooked) 

Egg 

Bread (toast) 

Butter 

Sugar 

Jam 

Cream, 20 per cent 
Beverage— Coffee substitute 

Luncheon 

Meat 

Potato or substitute 

Vegetable 3 per cent or 6 per cent 

Bread 

Butter 

Dessert 

Milk 

3 00pm — F ruit 10 per cent or 15 percent 


1 serving 

JOO 

cup 

HO 

1 

50 

1 thin slice 

20 

I square 

10 

1 tablespoon 

15 

1 tablespoon 

15 

Vi 

60 


1 small sening 

45 

1 small sening 

75 

2 senings 

200 

I thin slice 

20 

squares 

15 

1 serving 

100 

1 glass 

200 

1 sening 

100 


•From Trmimemb) D.ol IryC J Bmborlr. J B L.pp.ncotC Compm, Fhihddph,, 
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Dinner 


potato or substitute 

. 1 small serving 

75 

Vegetable, 3 per cent or 6 per cent. . . . . 

1 serving 

100 

Bread 

. 1 Uiin slice 

20 

Butter 

1 square 

10 

Fruit, 10 per cent or 15 per «nt 

. 1 serving 

100 

Milk 

. I glass 

200 


prime importance. In the acute stage of congestive failure, however, o.i 
Gm. (ii/^ grains) of calomel, or 0.26 Gm. (4 grains) of bine mass 
(massa hydrargyri) in the evening, followed by a saline purgative the 
next morning, often proves of benefit. Compoitnd jalap powder in dosage 
of 2 Gm. (30 grains) is an effective hydragogue. Half an ounce of mag- 
nesium sulfate, or some other saline preparation, such as ‘‘sal hepatica” 
or “Eno effervescent salt,” once daily or evejy other day often proves 
helpful in getting rid of edema, especially in individuals of plethoric 
type. Siraining should be avoided. Continued use of drugs witlr mild 
cathartic or laxatite effect, such as cascara, tnineral oil, agar-agar, saline 
preparations, or natural mineral waters (such as Carlsbad or Hunyadi- 
Janos water, which contains the sulfates of sodium and magnesium) , may 
be necessary' for the pretention of constipation. 

Venesection; In congestive heart failure of long standing, with high 
venous pressure (over 15 mm. of mercury in arm vein) and edema per- 
sisting in spite of rest, digitalis and diuretics, the removal of 250 to 
jooo cc. (1/^ to 2 pints) of blood by use of a needle of large bore or a 
sc.alpel is often attended with definite relief of dyspnea, venous engorge- 
ment and sense of fullness in the head. The amount of blood to be 
removed is determined by die habitus of the individual and the response 
to the procedure. Obvious anemia is a contraindication. Tlie procedure 
is attended W'ith particular benefit in plethoric individuals with high 
circulating blood volume, with heart failure secondary to arterial hyper- 
tension and coronary sclerosis; but its most striking value is observed in 
its use as an emergency measure in left ventricular failure tviih acute 
pulmonary' edema — in which at times it is indeed life-saving. In all 
probability the immediate relief of dyspnea and other symptoms mainly 
results from decrease of the venous engorgement, particularly of the 
pulmonary circuit, and reduction of die viscosity of the blood; and it 
is possible that lessening of die cardiac dilatation improves the efficiency 
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of the hcin for i period omlisiiii^ tlic reduction m lilom! xohmic'i'' 
If die \enous pressure ondinllj reninis to t In^h k\cl in a i>cnod of 
several d'i)s (is not infretpienil) Jnpptns) mother \cncst.cUon of s ,o cc 
OA pint) mi) be performed i week or ten di>s iftei the first md if 
necessar) mi) be repeated ten dajs liter Howevei improvement in 
knowledge is to t(ie pro]>er use of digitihs ind tlie introduetion of the 
mercurni diuretics have reduced considciibl) the need for venesection 
In primir) fiilure of the right ventricle ciused bj chronic jnilnionar) 
filirosis or emph)semi the relief of subjective s)mptom\ b) venesection is 
not so sinking is in fiilure of the left ventricle ilone or with secondir) 
right vemricuhr fiihire ind iti icitie vtutnculir fiilurc (icuic cor 
pulmomle) resulinij, from pulmonir) embolism it mij,ht hive i deletcn 
ons effect beciuse of the fact tint dtinintnion of the voUimt of blood 
returning to the right side of the heart tends to hindicap the right ven 
iricle in overtonnng tlie mcreisal rcsisuncc in the pulmonir) circuit 
Paracentesis Ulieti effusion into serous civitics with disttirhitig 
s)mptoms persist ifter rest complete digitihntion diiirciic ind other 
tlienp) pincentesis IS indicitcd As mentioned prcvioiisl) isciits gen 
enll) disippcirs with tlie usual mcehcil incisures Inii h)drothora\ tends 
to remiin unchanged H)drothori\ of inodcntt degree mi) lugmeni 
d>spnci comidembl) Rcmovil of ^oo to looo cc (i to '» pints) of fluid 
from the pleiinl civit) is ustiili) iiiemlcd with mirkcd relief of s)mj) 
toms frequentl) with drop m venous pressure \i limes di^itilis ind 
diuretics become more effective follovsing this ireitmcnt Rcciusc of the 
possibilii) (though nre) of prccipititing iciitc pulmonir) cdemi not 
more thin ijoo cc (3 pints) of hind should be removed at one occision 
Incrcisc of d)spnti cough or cxpcetorition during the withdrusnl of 
fluid ire signs for stopping the procedure 

Drainage of Subcutaneous Edema With the effectiveness of the 
new mercurni diuretics dmmgc of subcunneous edema b) meins of 
smiU cinnuhe inserted in the feet or lci,s h) meins of a trocar (is pro- 
posed b) Souihe) 1877) incision in the dorsum of the foot or multi 
pic punctures of the skin of the cilf of cich leg ire nrcl) nectssar) Put 
in termiml cascs-witli jniciicill) no mvorirdial rcservc-jircvntm^ 
obstinate edema such mcisurcs mi) afford temponr) relief W ith il e 
pittent seated in a chair with legs dejxmdcnt as much is six liters of 
fluid cm he dnined in “i hours I-irgc iMinfnl ^ronl si tiling persist 
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nig despite ill othei mensures on be ielic\ed by insertion oE i Southey 
tube into the scrotum 

Surgical Procedures Total Thyroidectomy The nine of total thy 
roidectomy in the treatment of obstinate cases of se\ere congestne heart 
failure and of angina pectoris (proposed by Blumgart Leiine and 
Berlin o i93j) is based on the theory that the hearts of such indnidinls— 
aldiough insufficient in meeting ilie demand of a normal metabolic 
rate—might be capable of supplying enough blood for the lessened need 
ivith a reduced basal metabolic rate that is relief from lieart failure is 
gained through tlie substitution of myxedema The opention does not 
alter the underlying caidiac pathology it is solely a pallntiie measure 
The procedure is to be considered only as a measure of last resort in 
patients ivith heart failure of long standing for avhom life Ins become 
intolerable all other methods of treatment hating proted inciFectitc 
yet the individuals general physical condition must be sufficiently good 
to authstand the surgical ordeal Patients with progressive myocardial 
lesions such as active rheumatic carditis bacterial endocarditis mahg 
nant hypertension renal insufficiency cirrhosis of the liver recent coio 
nary thiombosis arceiiosclerotic heart disease \ ith progressive clnnges 
in the electrocaidiogram and sypliilitic heart disease are not suitable 
for tlie operation Also a basal metabolic rate of less than minus ten pei 
cent IS a contraindication since it might be impossible to lower the 
metabolic rate sufficiently to effect a decrease m the work of the heart 4 " 
In fact there aie but few cases of congestive heart failure in which the 
procedure is indicated it has been found more applicable and of greater 
benefit in angina pectoris 

The operation calls for the highest degree of teclinical skill with 
caieful administration of anesthesia The fall in basal metabolic rate usu 
ally IS evident after the first week attaining ns lowest level of minus 
35 per cent to minus 15 per cent at die end of four weeks -it About two 
months after the operation before my'xedema becomes established thy 
roid extract m dosage of o 015 to o 03 Gm (i/i to i/, gram) is prescribed 
each day and continued thereafter m dosage sufficient to maintain the 
basal metabolic rate at about minus 30 per cent Caution is necessary in 
the administration of thyroid extract because of the danger of piotoking 
angina pectoris or heart failure through excess dosage Rest digitalis 
and diuretics are administered whenever indicated From a survey of the 
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literature and an inquiry sent to all members oE the American. Somhem 
and AVestern Surgical Associations, the American Society for the study 
of goitre, and a number of other American clinics, made Eiy Parsons and 
PurksiOT (1937), the operative tnortalky in 28 patients v\iih congestive 
heart failure was 1048 per cent; excellent results occurred in 34.63 per 
cent; moderate improvement in 28.78 per cent; slight improvement in 
2.92 per cent; and no improvement in 33.G;j per cent. Postoperative 
pulmonary complications are a frequent cause of death. 

Thoracolysis Patients with extremely large hearts, suffering pre- 
cordial discomfort, dyspnea, and other distressing symptoms, at times 
are afforded relief through mechanical freeing of the heart by thoracolysis 
or resection of the ribs (precordial ihoraccctomy) . The operation, a 
type of cardiolysis, consists of resection of the costal cartilage and amerioi 
ends of several nbs, usually the left fourih. fifth and sixth, together uith 
a portion of the sternum, being similar to that intrtKluccd by Unuierii- 
for the freeing of the heart bound with atlhesions of mcdiastinopciicar- 
ditis. An anesthetic agent that can he combined with adequate oxygen 
IS administered intratracheally with arrangement for establishing thfrer* 
ential pressure Postoperative complications arc dangerous; therefore, 
great care is necessary in preparation of the patient and aftercare. The 
possible benefit to be derived from this procedure is limited to but few 
cases. 

Treatment of Complications; General Sur^'icnl Ojtrralions and 
Anesthesia. The presence or history of congestive heart failure greatly 
increases the danger of complications ami the mortality oE major surgical 
procedures. Therefore, the Irenefit to he derived from a surgical ojiera- 
tion must be weighed against the risk entailed. AVhen ilierc is dyspnea 
at rest with rales at the lung kises .ind other manifcsunlom of myocartlial 
insufTiciency, only operations for grave emergencies should receive con- 
sideration. AVhenever possible, a regimen of rest in bctl with digitalin- 
tion and other therapeutic measures should be enforced for several wccLs 
or months before operation. Severe angina pectoris, recent coron.iry 
thrombosis and syphilitic aortitis add considerably to the ojicraiive risk. 

When surgical operation is necessary, every effort should he made to 
allay apprehension Of (lie greatest importance is the choice of anesthetic 
and its skillful administration. Any considerable change in blood pres- 
sure in either direction should be avoidctl. Ciiuion therefore must 



CONGESTIVE HEART FAILURE 


1105 


attend the use of spinal anesthesia particularly in the presence of arterial 
hypertension or serious coronary artery disease If excitement can be 
aioided and uheneier practical regional anesthesia becomes first choice 
In general anesthesia the a\oidance of anoxemia is important For that 
reason nitrous oxide is not desirable The best general anesthetics are 
ethylene cjclopropane ethylene-cyclopropane or ethylene ether Fea 
tures of impoitance in the conduct of anestliesia are Proper premedica 
tion minimal rebreathing nicely adjusted depth of anesthesia and quick 
emergence iis TJie undesnable features of etJier aie irritation of the 
respiratory tract and postoperatue nausea and \omiiing it should not be 
selected for older indi\iduals with chronic bronchitis Chloroform exerts 
a toxic effect on the heart liver and kidneys and therefore should not 
be used in myocaidnl insufficiency Tnbiomethanol (aveitin) admin 
istered by rectum is depressing to the heart and respiration as also are 
the barbiturates evipal and pentothal administered intravenously 

Cardiac standstill during surgical operation calls for the injection of 
epinephrine (adrenalin) hydiochlonde 05 to lo cc (1 to 1000 solu 
tion) directly into the heart and massage of the heart with the hand on 
tlie diaphragm if the abdomen has been opened A device known as the 
artificial pacemaker consisting of a needle transmitting electric im 
pulses at the normal heart rate applied directly to the heart is chimed 
to be of some value "l 

Following operation excessive gas m the gastrointestinal tract may 
prove distressing and at times myocardial insufficiency becomes pro- 
gressively worse the result of exhaustion or toxicity arising from a laige 
wound area or postoperative complication Paroxysmal tachycardia and 
paroxysmal auricular fibrillation not infiequenil) are brought on by the 
surgical procedure In patients with mitral stenosis or arternf hyperten 
Sion acute pulmonary edema may be precipitated and when advanced 
coronary sclerosis is present there is grave danger of coronary thrombosis 

The chief uoucardiac postoperative compUcatwns of congestive heart 
failure are bronchopneumonia pulmonary embolism and thrombophle 
bitis Care should be taken to keep the patient warm during operation 
during transfer to his room and after return to bed and after operation 
his head should be kept elevated for relief of dyspnea or cyanosis unless 
shock IS present The inhalation of oxygen after operation proves invalu 
able and if pulmonary atelectasis threatens the administration of a ten 
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per cent mixture of cirboti diovidc se\enl times diil\ for two or ilirct 
d^)s IS of \ilue Coughing should be encoumged Missngc of the 
extremities is helpful in munnining the periplieral circiihtion and in 
the absence of dyspnea and edema gentle passive and actisc mo\tmcms 
of the extremities nia) he employed In die tient of massue puhnnnan 
embolism stifTiaent morphine sidfitc in dosage of ooi to 015 Gm 
(M, fo V-i gtnm) should be gi\eii to rcliese jxain and anxieis oxygen 
should be administcicd and papaverine hjdiochloiidc 0032 (»in (i 
grain) or other antispasmodits should be given Iijpixlcrmicall) to comb it 
arterial spasm *' But there is question as to the advisabditv of vcncstx’ 
tion even though marked venous distention and qanosis of acute cor 
pulmonale are present 

Prcgtinucy Pregnane) jdaccs an additional burden on the carduv 
vascular s>siem The enlargement of the uterus occasions an auguieini 
non of blood flow vviih an increase in canliac output bcgnuiing in the 
fourth month and increasing iiiuil term when it is ,0 per cent iIkivc 
normal 12” The mfluencc of the placental cirtulition ujHin the heart is 
quite similar to that of an arteriovenous fistula In tlie later months 
of pregnanc) increase in weight adds to the woik of the heart and the 
action of the heart is hampered bv displacement ujiwartl And fmallj the 
exertion of labor is atteiidesl b> increase of heart rate and eltvaiimi of 
blood pressure Heart failure in prcgnaiic) nsuall) develops gnduillv 
after the third month tending Ua increase to term but occasioinll) it 
begins suddenly with auricular fibriHaiioii or a paroxysm of lachycardn 
Oeatli may result from progressive failure acute pulmonary etkma ptil 
monary embolism or infections endocarditis 

The risk involved in pregnanq can be determined to a large extent by 
the previous functional capaaty of the heart \uricular fihnliatioti 
marked aortic regurgitation aricrni hypertension and myocardial insuf 
ficiency are conditions that add a dermiic hazard Women with defimit 
symptoms and signs of myocardial insufficiency on cxernon and carclni 
enlargement should be wanted not to become pregnant -though occasion 
ally the desire for a child does render the risk acceptable But ixatients 
with manifestations of congestive failure at rest should licstrorigh advmxl 
that the sirain associated with preginnev is much too great to Ikt 
undertaken 
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^Vhen a patient \\ith slight symptoms oE myocardial insufiiciency 
becomes pregnant, the decision as to whether or not pregnancy should 
proceed depends on the patient s desire for a cliild, whether there are 
other children, the patient’s age, whetlier financial status will permit 
sufficient rest during pregnancy, and the availability of proper obstetrical 
cate. If allotted to proceed, the patient's course should be follotved 
closely, with readiness to interfere if need be. She should be relieved 
of some of the household duties; and during the later months of preg- 
nancy it may be necessary to spend considerable time in bed. Undue 
excitement should be avoided. If definite manifestations of congestive 
failure appear in the first few months of pregnancy, die question of empty- 
ing the uterus demands serious consideration, since not only will the 
patient be encountering danger from the cardiac standpoint but there 
is also the likelihood of miscarriage or premature labor with stillbirth. 
If, however, the patient is not seen until the fifth or sixth month, attempt 
may be made to safeguard the condition until at least the seventh month. 
Absolute rest in bed, digitalization, salt>poor diet and restriction of fluids 
frequently bring about marked physical improvement; but at times it is 
not well to allow progress to full term. The type of delivery is of less 
importance titan the skill of the obstetiician and tlic anesthetist; and 
it is well to have a clinician present at the deliveiy. Labor should be 
made as effortless as possible. Cesarean section under local anesthesia 
(supplemented by morphine sulfate and a hypnotic such as sodium 
amytal or pentobarbital sodium (membuial) by mouth) often is the 
best procedure; and in such event sterilization should be advised. Nursing 
should not be permitted as long as signs of venous congestion persist. Rest 
in bed should be continued for at least three or four weeks aftei the 
cffiKippciTnrnce^ erf signs <jl venoits cewigcrriow; snd (itea physical acth kies 
may be gradually resumed. For a res'iew of the literature and the prob- 
lems of heart disease in pregnancy the re.nder is referred to the monograph 
by Jensen. •S"' 

Treatment of Associated Diseases: Dictaty Deficiency: Cardiac di 
latation and congestive iieart failure may result from vitamin Bj defici- 
ency — which fact is observed particularly in beriberi of the Orient. 
But, as Weiss and ^Vilkinsl-io have emphasized, lack of vitamin ma> 
play an etiological role in myocardial insufiiciency in any individuals with 
inadequate diet; it may be associated with chronic alcoholism, gasiro- 
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intestinal disease, diabetes, drug addiction, psjdiic peculiarities (ftxxl 
fads) and poserty. Lack of \iiamin C is marked with a Icndcnc) to 
bemorrhage tditcli may iniohe the heart as t^ell as otiicr parts of the 
body. Reduction of blood protein (aJbtimin) ina) through disturbed 
osmotic pressure lead to tlie formation of edema. RemomJ of c<}cimtoiis 
transudates causes a diminution of the tissue store of \jtamins. Jn sicu 
of these facts, t\hen a definite histor) of dietary dcficienq is jircscnted, 
a diet rich in \itamins and of higli protein content is indicaicd; in 
the acute stage of congestne failure crystalline sitamin should he 
administered intrasenously, intramuscularly or subcutaneously in doses of 
lo to 15 mg to 14 grain) three or four times daily, i-*i> and after 
four or seten days— tsith general clinical improseraent— the diet sliould 
liasc a minimtim protein cometn of 1 Gm. per kilogram (2.2 pounds) 
of normal body ^veight, supplemented by concentrates of vitamins B anti 
C, the total caloric intake being about ten j>cr cent under the siantlaril 
for the particular individual.ios 

Iiyf)erthyTOi(lism. \Vlien hyperthyroidism is associated \slth conges 
live failure, subtotal ihyToidcctomy sliould be pcrfomied as soon as inyo» 
cardial efficiency has been restored sufficiently by rest in bed and the ad* 
ministration of iodine, digitalis and diuretics to render sudi procedure 
reasonabfy safe. Iodine in the form of potassium iodide (0.3 to o (» Gm , 
or 5 to to grains) or Lugol’s solution ({ minims, or 10 drops) three 
times a d.i> for one neck is essential; It promotes the storage of iliyro- 
globuhn in the follicles and holtls back the (lou of hormone ouls\ard 
from the gland, thus causing alntemciit of the symptoms of thyro 
toxicosis.il't Iodine therapy houcser is seldom sufficient to control the 
thyrotoxicosis. ^Viili careful prc|»aration, expert anesthesia and skillful 
surgery, all of uhich are essential for gootl results, remarkable benefits 
arc frequently secured— even in cases seemingly hopeless liecaine of 
heart failure. Roentgen irradiation is of value in some mild rases or 
in cases vuili persistent or recurrent postoperative thyrotoxicosis. 

liy/wlliyrouhsm- In congestive failure due to tliyroid deficiency 
(myxedema) , marked improvement promptly follows oral administration 
of thyroid gland substance. Care must be taken, houever. to avoid t(K» 
strenuous dowgc, especially when there is history of angina jvertoris, 
because of the dinger of precipitating a sebure through the resultant 
elevation of mctaliolic rate and incrcasct! blootl floss; sudden dc.ith may 
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occur, e\en though marked general improtement and reducuon of cardiac 
size be present It is i\elj to begin, tvith a dose not greater tlian 0015 to 
o 03 Gm to 14 gram) of thyroid, U S P , dail) Digitalis should 
be gnen to rehe\e anj symptoms and signs of congestive fnilure which 
do not yield to thyroid therapy Very rarely is congestive failure a cause 
of death in hypothyroidism 

Sypliilts When cardiovascular syphilis is a comphcation of congestive 
heart failure, myocardial efficiency should be lestored to the best degiee 
possible before beginning intensive antisyphihtic therapy The use of 
mercury, potassium or sodium iodide or an insoluble salt of hismmh 
IS relatively safe m comparison with tliat of arsenical preparations 'When 
edema is present, a soluble mercurial compound, such as salyagan 
(mersalyl) ornovunt (niercupunn) , may be given intravenously After 
a fair degree of myocardial effiaency has been regained a course of intra 
muscular injections of an insoluble salt of bismuth combined with potas 
Slum or sodium iodide by mouUi is started oo The dosage of bismuth 
at first IS small— o 1 Gm grains), every four or five days, and if 

tolerated for four or fiv e injections wathoui any upset, the dose is increased 
to 0 2 Gm (3 grains) once a vveck The iodide preparation is given in 
dosage of 1 3 Gm (20 grains) three times a day, increasing rapidly to 
4 Gm (Co grams) three times a day Such treatment with bismuth 
and the iodides is continued for at least 10 to 12 weeks before <any 
arsphenamine preparation is given In patients with persistent symp- 
toms and signs of heart failure at rest no arsenical preparation should 
be used, treatment should be linmed to courses of bismuth and the 
iodides alternating witli rest periods of from two to four months, or with 
courses of mercury by imwcxwn or injections of mercury sabcvJaie 
(o 03 to o oG Gm , or y, to 1 gram) , once a week until o 36 Gm or 
6 grams, have been administered 

IE on completion of the first course of bismuth and iodides the patient 
still presents slight edema and dyspnea on exertion, bismarsen (bismuth 
arsphenamine sulfonate) should be given mtramusailarly in dosage of 
0 03 to o 1 Gm (% to lYz grams) , not oftener than every five days, and 
later, if no reactions occur, o 2 Gm {3 grams) every four 10 seven days — 
a course consisting of from 12 to 20 injections But if the patient is 
ambulatory with only slight or no symptoms of myocardial insufficiency, 
intravenous administration of neoarsphenamine is begun The initial 
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dose of 0.05 to 0.1 Gm to grains) is incieased gradually at 
ueekl> inter\als until the usual maximum dose of 0.3 Gm. (5 grains) is 
reached. A course of neoarsphenamine consists of from lo to 12 injections. 
^Vhene\e^ possible courses of bismuth and the iodides alternating with 
courses of neoarsphenamine should be continued without a rest period 
foi at least tivo years After that, one coarse of bismuth folloued bj one 
of bismarsen or neoarsphenamine should be gisen once a year for the 
duration of the patient’s life 

The occurrence of congesli\e failure before the institution of anti 
syphilitic treatment has an unfn\orabIe influence on prognosis. Howeser, 
properly superMsed specific therapy— with adequate general medical care- 
does lend to retard the progress of the disease, and to alleviate sy mptoms 
and lessen disability , and may prolong life a number of years.Of** 101 

Aftercare; The amoutu of rest necessary in congestive heart failure 
depends on the degree of failure and the response to treatment. As 
improvement takes place, less therapy is indicated; but tlie fact must be 
borne m mind that if digitalis was required for tlie restoration of myo* 
cardial efflciency it is practically always necessary to continue its use the 
remainder of life. Anemia should be treated with iron ammonium curate 
m dosage of 3 to C Gm (45 to 90 grains) each day. In every case at least 
three additional weeks in bed are necessary aftci tiie disappearance of 
signs of venous congestion; and in cases of sev ere failure u ilh slow recov eiy 
several months or more of rest in bed are required. It is important, how- 
ever, to recognize the stage of optimum improvement in myocardial 
reserv e, marked by Uie disappearance of dy spnea and edema, when gentle 
passive or mild active exercise vv ill prove of benefit. In elderly individuals 
particularly, the lack of muscular movement associated vvitli rest in bed 
IS conducive to congestion in the venous capfliarfes; and the attendant 
anoxemia occasions degeneration of the tissues and toxemia, which may 
lead to death .80 The patient should be kept as contented as possible 
with reading, games and light handwork, gradually reacliing the time 
when he may be lifted to a chaise lounge or a v\heel chair for 15 miniiies 
or half an hour. The bed and chair existence is continued uniil he is 
able to be up die entire day wiihoiU fatigue, acceleration of pulse rate 
or dyspnea. During the latter part of tins period bathroom privileges 
and walking about the bedroom are allowed. Climbing stairs should 
he postponed for at least several weeks. Patients with limited cardiac 
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ieseive should be cairied up and down staiis to enable walking on the 
let el out-of-doors. 

A careful record of the patient’s weight is of \alue in the early detec- 
tion of edema. ^Vhenever an increase of several pounds occurs within 
diree da^s, it is well to administer a diuretic, such as theophylline in 
doses of 0.3 Gm. (4'^ grains) two to foiii times daily for one 01 two 
da)s, and then if edema tends to occur, rest in bed and the Karell diet 
on the same days that the diuretic is taken is advisable If edema tends 
to lecur, the patient when seated should keep his feet elevated on a stool 
Thiough energetic tieatment of latent edema it is possible to prevent 
the recurrence of severe congestive failure for months or years. 

After the disappearance of the signs of venous congestion, benefit 
frequently attends a stay of several weeks 01 months in a sanatonuin 
or spa— under able medical supei vision— fai removed from the responsi 
bilities of business and family cares. Cliange of environment, pleasant 
surioundings, good food, and ngid adherence 10 certain rules of hygiene 
(with regular hours for rest and the proj>ei amount of exercise) aid 
greatly in the rehabilitation of body and mind A mild climate, free 
from the vicissitudes of late fall, winter and early spring, is most beneficial, 
altitudes greater than 2500 feet should be avoided; and for individuals 
susceptible to colds the dampness of the seaslioie may be attended with 
lisk. A portion of che benefit resulting from a stay in certain well 
established spas arises from the pervading atmosphere of faith in its merit 
ill the lestoration of health; however, the w’ateis of some resorts do 
possess certain beneficial properties. Carbon dioxide baths are of par- 
ticular value in cases of advanced arteriosclerosis, and carefully graduated 
exercises help to improve the general circulation, and thus increase the 
cardiac reserve. 

As recovery progresses, w,alking up moderate inclines, and later small 
hills, may be permitted, and croquet may provide diversion But 
strenuous acts, such as walking far with a heavy overcoat and carrying 
luggage, and exciting compeiithe sport must be avoided. Tlie dangci 
which is liable to attend overexertion, fatigue and acute infectious diseases 
should be explained, for a single transgression beyond the limit of func- 
tional capacity may piecipiute a recurrence of congestive failure. Ten 
or more hours of each day should be spent in bed; and lying down for 
a half hour or more in the daytime should be encouraged. Relaxation 
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should be pncticed Certain induiduals rsith mjocardjal insufficienc) 
of but mild degree e^entuall) find it possible to spend se\eral hours or n 
half da) or e\en a greater period engaged m office or other light t\ork 
In some instances esen as much as nine holes of golf on a nonhill) course 
may be permissible 

Psychotherapy The ph)sician should always be of cheerful opti 
mistic attitude Undue apprehension on the part of the patient often may 
be allayed by a few words of encouragement After the acute stage of 
congestise failure a definite responsibility rests upon the physician in 
assisting the patient m the adjustment of his life to his diminished cardiac 
functional capacity Tlie indiiidiials psychic makeup must be under 
stood The need of a certain amount of physical activity for the mam 
tenance of cardio\ ascular tone should be emphasized witli the thought 
of aserting a neurosis with fear of all physical exertion In the rchabilua 
tion of patients who fail to regain sufficient myocardial reserse to carry 
on ordinary actitity without discomfort occupational therapy is of great 
importance By learning die indiMduals interests much can be done 
toward keeping him from centering too much attention on his inability 
to carry on a normal actise existence Outside appreciation of hts handi 
craft particularly in the form of some financial return proiides encoiir 
agement to the shutm induidual By keeping within their cardiac 
functional capacity many indiaiduals with serious heart disease can be 
taught to Use years of usefulness and happiness 

PREVENTION 

Understanding of the etiology pathogenesis and mechanism of con 
gestne heart failure is essential for its proper treatment As mentioned 
under Prognosts many of the underlying causes of heart disease do not 
respond to treatment and specific Uierapeutic measures are not ai-ailablc 
for common causame diseases such as arterial hypertension arterio- 
sclerosis and rheumatic feser but many of the immediate precipitating 
factors are preventable and controllable Recognition of the latter is 
therefore of the utmost importance for the postponement of the onset 
of congestive failure which should be the aim of the physician m the 
treatment of every patient with cardiac disease 

In at least 50 per cent of patients with congesme heart failure a 
definite precipitating factor can be elicited by careful clinical history 
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And such cases bear a better prognosis ivitli a greater likelihood for a 
more rapid and better restoration of m)ocardial efficiency than do those 
in nhich the onset of congesiiie feihire occurs uithout any demon 
strable cause entirelj the result of a gradual diminution of myocardial 
reserve 122 Probably the most important precipitating factor is acute 
infection especially of the respiratory tract in the form of a febrile cold 
bionchitis influenza or pneumonia In children the most frequent im 
mediate cause of congestive failure is rheumatic fever It is important 
therefore for cardiac patients to avoid exposure to inclement weather 
as also contact with individuals suffering acute colds to change wet cloth 
ing immediately and to v\rear woolen underclothing during the winter 
months In cases with repealed reinfections from a chronic focus in tlie 
respiratory tract autogenous vaccine therapy may be tried As cough 
places an extra burden tipon die heart measures should be immediately 
directed to its relief Anodier frequent immediate event m the develop 
ment of congestive failure is overexeriion Foi example sudden violent 
physical effort such as running for a tram may occasion the onset of 
failure in an individual with myocardial impairment Other factors in 
vohmg sudden additional myocardial strain aie Sudden rise of blood 
pressure psychic trauma surgical shock hemorrhage coitus overeating 
alcoholism and the onset of rapid heart action such as paroxysmal tachy 
cardia and auricular fibrillation Pregnancy and obesity also are influ 
entnl factors In all piobability subclinical dietary deficiency sometimes 
plays an etiological role Congestive Jieart failure resulting from coronary 
thrombosis bears a poor prognosis 

In all cases of chroiuc cardiac disease general measures of importance 
are Avoidance of oveiexertion and nervous strain proper rest with 
occasional or frequent holidays a well balanced diet with avoidance of 
overeating avoidance of excessive use of alcohol tobacco coffee and tea 
and the eradication of foci of infeaion Specific therapy should be insti 
tuted as soon as possible in cases of dietary deficienc-y anemia and syphilis 
and severe thyrotoxicosis and pericarditis should be treated by surgery 

After an episode of congestive heart failure recurrence with further 
cardiac crippling frequently can be prevented for years by the paiiciu s 
living within the functional capacity of the heart continuing the use of 
digitalis— which usually is necessary and avoiding acute infectious dis 
eases and other precipitating factors 
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LEFT VENTRICULAR FAILURE AND 
PAROXYSMAL CAUDIAC DYSPNEA 

By Albert W Bromer M D md William D Stroud M D 

LEFT VENTRICULAR FAILURE 
Fiihue of the left \entricle wit/wut associated right \entncular failure 
constitutes t clinical entity of not uncommon occurrence uhich mi) 
result from (a) preponderant burden on the left \entricle as may be 
obser\ed m arterial hypertension and aortic valve disease (b) weikness 
of the myocirdium is occurs m coronary artery sclerosis and thrombosis 
and in severe anemia or (e) a combination of the two factors jtist men 
tioned as may be encountered m hypcrthyTOidism subacute bnctenal 
endocarditis and rheumatic carditis The mam immediate feature of the 
resultant abnormal physiology is congeslton m the pulmonary vascular 
circuit, avith diminution of respiratory resene utthout engorgement of 
the systemic veins Dyspnea on exertion is the cardial symptom moist 
rales may or may not be present in die lung bases depending on the 
degree of failure and m certain cases there occur paroxysms of dyspnea 
at rest forming i most serious syndrome x\hich may terminate fatally 
111 acute pulmonary edema As described by Welchi^i (1878) pulmonary 
edema is occasioned by a disproportion between the working power of 
the left \entncle and of the right \entncle of such character tint the 
resistance being the same the left heart is unable to expel in a unit of time 
the same quantity of blood as the right heart In a large peiceiuagc 
of cases insufficiency of the right ventricle (with engorgement of the 
systemic veins) develops eventually through the increased load— back 
pressure —caused by the congestion in the pulmonary circuit 1 ^7 

In addition to dyspnea on exertion relative impairment of function 
of the left ventricle of moderate or severe degiee with or v\ithnut riglit 
ventricular failure is characterized in general by definite reduction in 
the vital capacity of the lungs increase in the loentgen ray siiadows of 
the lung hilus blood vessels and increase m the intensity of the pulmonarv 
( 1112 ) 
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second heart sound 1 II* i-t-i In the great imjont) of cases theie is cardiac 
hypertroph) and quite commonly the presence or history of arterial hy 
pertension The electrocardiogram often presents left tentricular pre 
ponderance and changes in the ST complexes indicating coronary artery 
and myocardial disease There is a tendency to protodiastolic gallop 
ihythm that is a loud third heart sound (often attended by a palpable 
impulse) IS audible at the cardiac apex shortly after the second sound 
and heartbeat m die middle or e\eii at die end of diastole uheii the 
heart rate is rapid and uhen the rate is slower the protodiastolic timing 
IS more evident In some cases the presence of pulsus alternans (which 
consists of alternation of strong and weaL beats with normal rhythm 
usually detected most readily while lecording the blood pressure) is 
additional evidence of left ventricular weakness There frequently exists 
a primary organic pulmonary emphysema and bronchitis with orthopnea 
and at times CheyneStokes breathing is present dining sleep 

ACUTE PAROXYSMAL CARDIAC DYSPNEA 
(Cardiac Asthma) 

This condition consists of distressing seizures of dyspnea— caused by 
sudden temporary imbalance between the function of the right and the 
left ventricle— which are most apt to occur in recumbency at night waking 
the subject from a sound sleep of an hour or more but also at times 
developing in die daytime especially in bedridden patients or follovMiig 
exertion or excitement Although m the great majority of cases the pre 
disposing factor is preponderant insu/Ttcicncy of the left ventricle the 
symptom complex may result from marked mural valve obstruction ‘'J or 
any other condition vsluch might impede the How of blood fiom the 
lungs to the aorta Tlie discussion in this Chapter is limited to acute 
paroxysmal dyspnea due to relative insiifBciency of the left ventiicle 
the right ventricle being anatomically and functionally normal or com 
paratively normal 

The term cardiac asthma rather loosely used by various authois 
seems best limited to attacks of paroxysmal dyspnea in which breathing 
of asthmatic type is present Bronchial spasm is usually associated with 
severe attacks the likelihood of its occurrence is increased by the piesence 
of chronic pulmonary disease and in ceitaiii individuals there cvists an 
allergic tendency, the loss of cardiac reserve and the changes incident to 
the attack of dyspnea being the nonspecific exciting factors which initi 
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ate the uheezmg 135 Occasionally the differentiation betueen bronchial 
asthma and cardiac asthma is difficult 

Acute paroxysmal cardiac dyspnea also must be diBerentiaied from 
Cheyne Stokes respiration and e\emng dyspnea Cheque Stakes respir a 

twn (periodic apnea and hyperpnea) occurs paniciiJarly in older indi 
\iduals and is espeaally CMdent just at the onset of sleep it is caused by 
faulty blood supply to the respiratory center, and is not pathognomonic 
of heart disease but is particularly ominous sihen occurring during a\ak 
ing hours Evening dyspnea is respiratory discomfort uhich develops 
gradually during the naking hours attaining its maximum at tlie latter 
part of the day often preienting sleep it is not uncommon in patients 
with preponderant left reniricular strain and is usually accompanied 
by orthopnea ir may occur e\en tbowgli the patient remains in bed and 
m the same position the entire day According to Hamson and his 
co-uorkersST (1934) it is occasioned by the increased senous return to 
the heart and consequent increase in the degree of pulmonary conges 
tion resulting from the increased metabolic demands during the day as 
compared to the night— the relatisely weak left \entnde being unable 
to expel the oncoming blood By sitting upright the respiratory difficulty 
may dimmish sufficiently to permit falling asleep but— especially if the 
patient is oicrlj tired and nenous— there is hkebliood of being aw-vk 
ened after an hour or more by an attack of paroxysmal dyspnea 

Incidence Acute paroxysmal catdiac dyspnea is obserted most fre 
qnently m males otei 50 years of age witJi Inpertensne or coronary artery 
disease— with or without angina pectoris lo” Coronary artery dis 
ease and hypertrophy of the left sentnde alone or m combination are 
always present There is considerable similarity m the underlying paihol 
ogy of paroxysmal cardiac dyspnea and of angina pectoris Attacks are 
not uncommon that may be regarded by one obsener as paroxysmal 
cardiac dyspnea ivith pam and by another as angina pectoris with 
dyspnea l®'’ The appearance of paroxysmal dsspnea in syphilitic aoriiiisS*' 
IS not due to the syphiUtic lesion in itself but to the strain on tlie left 
sentncle froroartenal hy pertension and insufficiency of die aortic i-ahe 7" 
Not eiery piuentwiih preponderant left a enmcularinsuffinency deielops 
paroxysmal dyspnea a certain delicate abnormal circulatory balance is 
essential and also seieral factors must be actne simultaneously in the 
preapilaiion of attacks \octunial paroxysmal palpitation periodic 
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nenousness cou^h 'ind Cheyne Stokes respintion maj be cJjmcal equi\a 
lents of mild paroxysmal cardiac dyspnea and often are forerunners of 
serere attacks 130 

The Attack An attack of paroxysmal cardiac dyspnea is charactenred 
by a sense of suffocation causing the patient to assume an upright position 
—breathing rapidly— and to become restless and apprehensive breathing 
more and more forcibly until the attack subsides In attacks of moderate 
or extreme seventy the accessory muscles of respiration are brought into 
play the chest— expanding less and less effectively vMth expiration greatly 
prolonged— tends to become fixed m a forced inspiratory position there 
IS a desperate struggle for breath often associated with a sense of impend 
ing death Cyanosis appears and deepens and frequently there is super 
im|X)5ed pallor with profuse cold sueat the chest becomes filled uuh 
moist sibilant and musical rales Finally the attack begins to subside 
cough develops and a small or moderate amount of frothy and usually 
blood stained sputum is expectorated and the patient is left exhausted 
The duration of an attack is usually from one half to one hour or longer 
During the paroxysm the heart rate is invariably accelerated the second 
sound ov er tlie pulmonary heart valve is acceniinted by the acute vascular 
congestion in the pulmonary circuit and the systemic arterial blood pres 
sure IS generally elevated above the usual level Occasionally in the 
later stages of severe attacks semiconsciousness develops with fall m 
blood pressure and the pulse becoming almost imperceptible When the 
relative insufficiency of the left ventricle is of marked degree copious 
edema and hemorrhage may occur in the pulmonary alveoli and death 
may ensue from asphyxia or from state of shock 

Precipitating Factors Attacks of paioxysmal dyspnea are precipitated 
through sudden intensification of llie abnormal circulatory balance 
between the two ventricles by (a) factors tint increase the demands on 
the heart such as a dream or nightmare occasioning emotional disturbance 
or physical effort noise proxysms of cough assumption of an unfavor 
able position during sleep a proxysm of arrhythmia or a prolonged 
period of apnea in Cheyne Stokes lespiration or (fi) rarely coronary 
occlusion Conditions which may be contributory to the onset of an 
attack are excessive physical or emotional activity during the day abdom 
inal distention the unnary leflex and hot weather In the presence of 
orthopnea, slipping down from the elevated position may precipitate an 
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aitick Pulmomrj engorgement tends to be occasioned b) the recumbent 
position at night because of a shift to the lungs of lluid retained m the 
tissues in tlie form of pli^siologic edema during the da)time Paroxysmal 
dyspnea tlierefore is less apt to occur if the patient s head is kept cle\-attd 
with back rest or pillows Also occasionally an attack may be imtiaietl 
by the dyspnea occasioned by the assumption of an intolerable recumbent 
position during sleep— that is trepolmca,i^G i-*T through change m the 
position of the heart under the mniience of graxity and consetpicm dis 
lortion of the large aessels in the mediastinum there results i sense of 
suffocation which may ser\c as the trigger in pretipiLating an attack 

In the minds of Harrison and his CO woikers 55 coughing incident 
to the pulmonary congestion and perhaps associated bronchitis is the 
commonest exciting agent Coughing occasioned by the giaduif at 
cumulation of mucus during sleep gises rise to an incitase in tin. 
respiratory rate, which accelerates the return of tenons blood to the right 
auricle and ventricle, causing an increase m pulmonary congestion and a 
lendenq to cough thus instituting a uctoits qcJc which may progress 
to acute pulmonary edema and even prove fatal The incidence of 
attacks during sleep seems to be dependent on sudden diingi from 
relative depression of the respiratory and vasomotor centers and rtllexcs 
during sleep to a state of Jiyperexatabihiy at die time of awakening 
Apprehension exerts an influence on the onset and the progression of 
attacks being an important factor in the elevation of arterial blood 
pressure 

Prognosis The prognosis in left veiitncuhi failure without asso 
ciaied right ventricular failure is innuenccd to certain degree by the 
ability to control the etiological (the underlving and the precipitating) 
factors (See Prognosis under Congcsiivc Heart ruhire) railnrc of the 
right ventricle develops eventually in a large percentage of cases 
Tlie prognosis of acute paroxysmal uirdiac dyspnea due to left ven 
tnciilar failure is always grave The niajontv of lascs do not survive 
longer than two years many die within six months of the first seizure 
Rarely does a patient become entirely free from attacks although not 
infrequently with the onset of failure of the right ventricle the attacks 
disappear but tend to recur when the peripheral circuhiion is rcMorctl 
to normal The better the treatment the better tlie iirognosis Tfie 
prognosis is much worse when cardiovascular syiiluhs is the nnderKing 
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etiological factoi, or t\hen there is associated congestive failure, aortic 
regurgitation or auricular fibnllauoti 

THERAPY 

Left Ventncular Failure in General; In the treatment of left ven 
tnculai failuie of slight degiee, dnracteiized onlj b> d)spnea on exer 
tion, ever) measure possible should be directed to the control of the un 
derljing etiological process and to the aioidance of oveiexertion, respira 
tor> and other infections, emotional disturbances and other factors uhith 
might precipitate further circulator) embarrassment Cough should be 
controlled ivith codeine Anemia, if present, should receive proper treat 
ment Obese patients should be advised to reduce graduall) to five to 
seven kilograms (approximately lo to 15 pounds) below the average 
normal level In tlie event of sleeplessness, barbiturates, bromides or 
chloial h)dr.ate should be prescribed If dyspnea on effort persists after 
reduction of physical activities to the minimum compatible with useful 
existence, the administration of digitalis is indicated In many instances 
breathlessness at rest can be pievcnted foi months or years by proper 
digitalization 

When dyspnea is present at lesi, the patient should sleep vvitli head 
elevated with pillows and knees slightly elevated by a wooden support 
beneath the mattress A special bed with attached back rest and knee 
support IS of advantage if dyspnea is of pronounced degree Daily activi 
ties should be restricted; the evening meal should be light, atul no lliud 
sliould be taken during the several lioiiis immediately pieceding bedtime 
Laxatives should be used whenever necessary to prevent constipation, 
saline purgatives piove efficacious paiticiilarly in individuals of pleihoiic 
type It IS well to establish the habit of having a bowel movement shorilv 
befoie bedtime, and the bladder should be emptied immediately before 
retiring The temperature of the bedtoom should not be allowed to 
become too warm or too cold Patients subject to cough should be given 
codeine before retiring A combination of phenobarbital and codeine 
sulfate, o 03 Gm (i/^ gram) of each, often pi oves e/fiaacioiis Ascertain 
sedatives occasionally favor the incidence of disturbing dieams the best 
pieparaiion in a given case is determined by caieful observation 

Paroxysmal Cardiac Dyspnea: In tlic tic itment of paroxysmal car 
diac dyspnea measures must be directed to the restoration of the func 
tional capacity of the left ventncle, the alleviation of restlessness and 
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excmbilit) and tlie relief of pulmonary \'\scular congestion ^f^^d attacks 
are usually aborted by the patient s assuming the upright position Sitting 
upright m bed or getting out of bed to sit or stand by an open i\indoi\ 
often bring relief uithin a few minutes The upright position increases 
the \ital capacity of the lungs by improving the action of the diaphragm 
diminishing the return of \enous blood to the heart and lessening the 
possibility of edema shifting from the loner extremities to the lungs 
Many attacks of moderate or greater seventy also pass off spontaneously 
through the assumption of the upright position and the disappearance 
of the inciting stimulus (vi~ fear cough or an intolerable position) 
or are relieved by the administration of sedatives that reduce the irrita 
bihty of the respiratory center If an attack does not subside sponta 
neously and cannot be checked by the use of morphine acute puhnonarv 
edema is liable to occur 

Treaitneut of Attack A severe attack of paroxysmal cardiac dyspnea 
demands prompt and energetic treatment The patient should be placed 
in the upright position or bent slightiv forward either m bed supported 
by back rest and pillows or if preferred be allowed to sit on a straight 
backed cliair or to stand with support ^fo^phlne sulfate in dosage of 
10 to 15 mg (1,, to ^ gram) should be administered subcun 
neously immediately By depressing the respiratory center and allaying 
anxiety and restlessness morphine aids in the relief of dyspnea suppres 
sion of cough and lowering of blood pressure However in patients with 
asthmatic type of respiration with greatly prolonged expiration mor 
phine in too large dosage is liable to precipitate acute edema of the lungs 
through tlie consequent abrupt diminution of respiratory effort through 
sudden removal of tlie previously existing backward pressure on the 
capillaries lining the alveolar vv-ills there results an increased perme- 
ability of the capillary wall 0 Also in the presence of acute pulmonary 
edema large dosage of morphine may prove Fatal through too marked 
depression of the respiratory center and the consequent inability to cough 
up the copious serous fluid Atropine sulfate in dosage of o j to o G 
(M''0 *0 Vjoo grim) subcutaneously may prove helpful in dimm 
ishing die bronchial secretion and moisture m the lungs and relieving 
bronchial spasm I^argc doses are contraindicated because of ihc danger 
of resultant stimulation of the respiratory center 
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Theoph)IIine etii) lenednmine (met'iph)IIin nminoph)Iiin thephyl 
dme) m dosage oE 025 to 05 Gm (3^ to 71/i grams), administered 
uitJi from 50 to 100 cc of 50 per cent glucose solution sloivl) intra\e- 
nousl) pro\es o£ anliie through improtement of the coronal) circulation 
and consequent increased efliaenc) of the left \entricle and relief of 
bronchial spasm Marked reduction in tlie tenons and intrathecal pres 
sure following the intratenous adroinistration of tlieoph)lline etli>lene 
dnmine has been demonstrated 53 The concentrated solution of glucose 
IS belies ed to improte the nutrition of the mjocardium and to cause 
diuresis through its abilit) to draw fluids from the bod) tissues 

Peripheral venous stasis, accomplished b) the application of sph)gmo 
manometer cuffs tourniquets bandages or towels to the proMraal portion 
of the thighs and arms at a pressure slightl) abo\e the diastolic blood 
pressure is an effective therapeutic measure 33 s-k 130 B) trapping the 
blood in tile four extremities the venous return to the right side of the 
heart is reduced with consequent lessening of pnJmonar) congestion and 
left ventricular encumbrance Tlie ideal apparatus consists of four 
sphjgmomanometer cuffs connected in senes attached to a manometer 
The compression is continued for 10 to 15 minutes and then gradually 
released from one extremity at a time for one minute — to be repeated 
if necessary Application for jo to 30 minutes usually is sufficient 
although relief often is apparent wathm one to three minutes 

Venesection proves an effective measure particularly vvlien acute pul 
monary edema is present and tliere is evidence of peripheral venous 
congestion Rapid withdrawal of 2^0 to 750 cc to ii/^ pints) of 
blood from a vein of the arm by phlebotomy or venupuncture reduces 
die venous return to the right side of the heart and decreases the vas 
cosit) of the blood The amount of blood to be removed should be 
determined by die lessening of the venous engorgement and the relief 
of dyspnea The effect of venesection tends to be more lasting than the 
relief by venous stasis Needless to mention this mode of treatment is 
contraindicated if anemia is present 

In severe attacks particularly when acute edema of the lungs is pres 
ent digitalis intravenously proves of benefit by increasing the efficiency 
of ventricular systole through direct action on the myocardium But 
before its administration there must be certainty that no preparation of 
digitalis or its allies has been taken in therapeutic amount wathin the 
- 10 
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tuo Aveeks immediate!) preceding Also acute coronar> ilironibosis js i 
contraindication for this procedure Digalen digiFohne or digitan in 
dosage of i-* cc of a solution (specially prepared for hypodermic use) 
equivalent to o 6 Gm (9 grains or 6 cat units) of nhole leaf of digitalis 
ouabain (crystalline strophamhin) o ^ to o 5 mg (M.00 Vi^O 8’^'^) 
amorphous strophamhin 10 nig (ij,^ grain) digUoKui 075 to i mg 
(Vioo Ho gram) or any othei projierl) siandardiiecl picpantion of 
digitalis recommended for immenous use may be injected slowly m i 
single dose — w ith due consideration of the patient s sire (See Ti catniem 
of Congestiae Heart railure for information regarding Maintenance of 
Full Therapeutic Effects of Digitalis ) 

The admmisiraiion of oxygen often is attended with benefit (at times 
proting hfesaaing) if an attack comuiucs and particularly when acute 
pulmonary edema persists after the administration of morphine and pos 
sibly one or more of the other measures just described If an oxygen 
mask tent or clianibei ts not atailaWe a nasa) catheter shouh} ht 
employed When acute pulmonary edema is presented a positnc pressure 
of helium oxygen aclueied by means of a dosed circuit apparatus with 
a motor blower unit capable of maintaining a pressure as lugli as 10 cm 
ofwater has been found of \ahic by Barach and his co workers 0 Posiiuc 
pressure exerts a direct opposing force on the external capillary wall tend 
mg to counteract the transudation of serum and to decrease the amount 
of blood entering the right auricle and lentride 

In the presence of extreme arterial hypertension nitroglycerin (glyc 
eryl trinitrate) in tablets of 06 lo 12 mg (Vioo *0 ^(.0 
solved under the longue proves of value by causing (n) dihiatiou of 
the peripheral arterioles with resultant dinumuion of penpUeral rtsist 
ance for the left ventricle to work against and a pooling of blood 111 the 
peripheral circuit with decrease m the amount of venous blood returning 
CO the right anride and (h) dihtation of the carottan artenes 

In attacks with pronounced bronchial sp>asm evidenced by asthimur 
type of brealliing epmephnne (adrenalin) hydnx-hloride jii dosts of 
, to 30 mitums of i ioqo solution given stibcmaiieously may jirove of 
benefit by producing dilatation of the bronchi through siinmhtion of 
the terminations of the bronthial sympathuic fibers but caution is ntces 
sarv m us administration Its use is contraindicated in the piescncc of 
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angina pectoris and acute coronar)- thrombosis. And, even though occa- 
sionally in the presence of arterial hypertension a lotvering of blood 
pressure instead of the usual rise lollotvs its administration, it cannot be 
recommended for general use triien such condition exists. Usuall) epi- 
nephrine is less effective than morphine or nitioglycerine. And, further- 
more, theophylline ethylenediamine has been found to afford prompt 
relief in persistent extienie d)spnc.a, “status asthmaticus,” after epineph- 
rine has failed to effect benefit.oc 

Pressure on the catotid sinus (the bulbous dilation of the comnion 
and internal carotid artery situated at about the angle of the jaw) ina> 
afford relief by causing a fall in blood pressure and slowing of the heart 
through a reflex vasomotor mechanism.i^o However, as the sensitivit) 
of the reflex varies consideiably in different individuals, the possibilit> 
of benefit from the proceduie is in general quite limited. 

Tieatmenl Betxveen Attacks: After an episode of paroxysmal cardiac 
d)spnea, every effort should be made to prevent future attacks by direct- 
ing measures to the relief of pulmonary vascular congestion and to 
increasing the efficiency of the left ventricle. A regimen of rest, drug 
tlierapy', restriction of fluids and dietary measures similar to that required 
in congestive failure should be followed. 

Rest in bed for from two to six weeks is most essential for the restoia* 
tion of myocardial resen’e. £le\'atioR of the head and trunk witli pillows 
and backrest is important, with piovision such as a shoulder supjjort and 
a thigh rest to prevent slipping down during sleep. The atmosphere of 
tlie room should not be cold, and high humidity should be avoided, since 
cold air predisposes to bronchial spasm, and occasionally unusual warmtli 
during sleep acts as a precipitating factor of paroxysmal dyspnea. In 
cases of se\ere failuie, morphine sulfate may be necessary for several 
nights to ensure adequate sleep. But in ibe presence of Cheyne-Siokcs 
respiration, caution must be exercised in the use of morphine because of 
the likelihood of consequent exaggeration of the periodic bieathiug. If 
an opiate is necessary under sudi conditions, caffeine sodio-ben7oate in 
dosage of 0.3 to 1.0 Gm. (5 to 15 grains) should be administered with it. 
Theophylline ethylenediamine in dosage of 0.25 to 0.5 Gm. (35^ to 71/. 
grains) administered slowly intrasenously with 50 per cent glucose 
solution just before bedtime is of value in the piomotion of sleep and 
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the pre\eniion of attacks Full digitalization should be effected b) the 
administration of di\ided doses a\ith care to aioid toMc effects espc 
ciall) in cases uiUi coronar) thrombosis Codeine sulfate 003 to ooG 
Gm (lyi to 1 grain) and luminal sodium m doses of 003 to i o Gm 
(14 to ii/, grains) administered alone or in combination by mouth or 
if necessary subcutaneously may be substituted for morphine if inioler 
ance to the latter exists 

Seieral days after the attack any of the milder barbiturates bromides 
and chloral hydrate usually suffice for reliesing excitability and allaying 
apprehension As preiiously mentioned codeine should be gi\en ivhen 
e\er cough is an annoying syanptom Tlie administration of a I'aso- 
dilating drug by mouth for a period of ueeks often proses of benefit 
For example tlieophylline (theocin) 03 Gm (5 grams) may be giien 
by mouth tliree times a day for sexeral days and then be repeated after 
an interaal of fiae days or a neck or theophylline cthylenediaminc o 1 to 
o ■> Gm to 3 grams) tliree to four times a day may be employed 
Sodium nitrite ooO to o 18 Gm (1 to 3 grains) or erytJirol teinmtrate 
oojGm (1 gram) by mouth three times a day is of \-alue m cases mth 
persistent extreme eleiaiion of arterial blood pressure Whiskey or 
brandy 30 to 60 cc (1 to « fluid ounces) at times are efficacious m 
aborting an impending attack Periodic acnescction at mteraals of sc' era! 
uceks or a month (depending on the amount of blood uithdnun) is 
of benefit in plethoric individuab especially ulien tenons engorgeniem 
tends to persist In indiMduals subject to trepopnea a closely fitting 
undershirt uith large uooden spools sei\ed to the side to be atoitled may 
pro\e of ^^lue m aterting attacks of paroxysmal dyspnea 

Restriction of fluids and the administration of diuretics are iin|x>nani 
therapeutic measures e\en ihoiigli there is but little or no obtious 
peripheral edema Benefit is dented through the resuUani diminution 
in blood tolume decrease in pulmonary congestion and possibly loss of 
edema from the heart muscle and from the renal parenchyaiia If sc'crt 
congestite failure is present the amount of fluids should be limited to 
1000 to igoo cc m z\ hours uhile in mild cases tviihout penplieral 
edema and marked pulmonary congestion refraining from fluid intake 
after fit e or six o clock in the afternoon aids in the pret ention of attacks 
The mcrcuna! diuretics preferably merciipurin or salyTgan alone or 
uith ammonium chloride or the xanthine (purine) dent antes arc indi 
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cated when peripheral edema persists after rest and digitalis (See Treat 
ment of Congestl^e Heart Failure for details regarding Diuretics ) 

Diet should consist of simple easil) digestible food Abundance of 
carboIi}drate is desirable as it is readily assimilable and producti\e of 
eneigy But in cases with 'ow serum protein a high proportion of protein 
IS indicated lo*? since such condition predisposes to the development of 
acute pulmonary edema through the increased tendency for fluid to pass 
from tlie lung capillaries into the alveolar spaces Obese patients should 
reduce gradually to 4 3 to 6 8 kg (10 to 15 pounds) underweight 

Extensive alleigic investigation— including detailed historv careful 
physical examination for foci of infection and skin tests— should be 
made in patients with attacks of paroxysmal cardiac dyspnea wiUi 
asthmatic breathing winch tend to persist after the usual methods of 
cardiac therapy A history of asthma at some time in tlie past is found 
quite frequently or the individual is allergic and the asthmatic seizure 
IS provoked by the illness represented by loss of cardiac reserve and the 
changes incident to die attack of dyspnea are the so called nonspeciflc 
exciting factors which inmate die wheezing Foa of infection 
should be eradicated and if hypersensitivity to a foreign protein exists 
inoculations with the specific protein may prove helpful 

Rest in bed should be continued for a period of several weeks or 
months after the disappearance of signs of pulmonary congestion— the 
length of time depending upon the degree of failure Time is required 
for the restoration of the best possible myocardial efficiency The deter 
mination of vital capacity at weekly iniervails and xray examination of 
the lungs aie helpful m following die clinical course After the stage of 
rest vw bed careful swpeTMSvow of physical acvvxvtves vs of extreme vmpor 
tance the patient must learn to live within the limitations of the fimc 
tional capacity of his heart Overexertion emotional upsets and acute 
infections must be avoided Occasional short periods of prophylactic 
bed rest prove of benefit when unusual fatigue dyspnea on effort cough 
precordial pain or any other manifestation of myocardial weakness is 
presented Ev ery effort should be made to stay the progress of the cardiac 
incapaaty— to prevent the incidence of more severe dyspnea with acute 
pulmonary edema more advanced coronary sclerosis or insufficiency of 
the right ventricle with consequent systemic venous congestion 
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CHAPTER XXXVI 


EFFECTS OF DIGITALIS ON THE 
ELECTROCARDIOGRAM 

By Thomas M McMillan, MD , and Samuel Bellet, MD 

Introduction In spite of its wide application, digitalis is still a fre 
quentl) misused drug Since the inadequacy of small amounts of the drug 
uas pointed out there has been a general acceptance of the principle of 
large dosage Not always, howeier, is due attention paid to the precau 
tions laid dowm by the sponsors of this method and all too frequently, 
serious disturbances are allowed to result from digitalis During a period 
of eight months the ivTiters ha\e seen no less than su^. deaths iliat were 
directly attnbutable to oierdigiializition 

This chapter is being included in this \oliime with the thought of 
reemphasizing the fact that digitalis in large amounts can be dangerous 
and when used improperly, can bnng about serious and even fatal 
responses If large quantities of this drug are to be used, intimate Inowl 
edge should be obtained Teg^rdmg the clinical symptoms and the electro- 
cardiographic findings that mark the end of its therapeutic and the begin 
ning of Its toxic action 

That digitalis should alter the electrocardiogram is to be expected 
Apart from changes in the rhythm and mechanism of the heart, altera 
tions in the shape of the P wave, rarely change in the configuration of 
the Q R-S group of wave and modifications of the T wave and S T fine 
are among the well known effects of digiulis Of tliese, T wave and S T 
segment changes are the most important, for thev are the earliest recog 
nizable effect of its action, and occur, moreover, while the action of tlie 
drug IS still a therapeutic rather than a toxic one 

I EFFECTS OF DIGITALIS ON T WAVE AND S-T SEGMENT 
OF ELECTROCARDIOGRAM 

The influences of this drug on the T wave of the human clectrocardio 
gram v\ere first systematically studied by Cohn and Fraseri in 1913 and 
( 1130 ) 
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liter by Cohn Fraser and Jamiesons m 1915 the changes obser\ed being 
first flattening ind liter inversion These findings have been ibun 
dindy confirmed ind umversilly accepted The common conception has 
been tint digitalis inverts the T wive pioper Recently it has been 
pointed out that the mam effect oE digitalis is on tlie intenil between 
the S and T waves nther Unn on the T wive itself 3 4 The imters Inve 
attempted to observe this point carefully and to elaborate the details of 
the influence of digitalis by studying its effect on the T wave and S T 
intervals of lOO patients 5 

In order to clarify and simplify the results the 100 cases studied were 
divided into three groups (1) Those with normal hearts (II) those 
with a slightly diseased myocardium and (III) tliose with seriously 
diseased heart muscle Digitalis vms administered to the patients of these 
three groups until the appearance of evidences of toxicity forced its dis 
continuance and the resulting electrocardiographic changes were analyzed 

II INFLUENCE OF DIGITALIS ON T WAVES AND S T 
SEGMENTS OF NORMAL HEARTS 
Normal hearts were included in these studies first because u was 
wished to determine whether the T wave cJnnges of digitalis differed in 
normal and diseased licarts and secondly because it was felt that if char 
"ictenstic and consistent changes Mere induced by digitalis in norniaj 
hearts the resulting T vnve diangcs could be accepted as a standard 
In normal hearts the influence of digitalis on the T wave is remirh 
ably consistent giving a type of T wave unlike the inverted wave seen 
m myocardial disease a T wave that can be accepted as the typical dig 
itahs T v\ave ^Ve will now attempt to describe us characteristics as well 
as Its differences from the T wave inversion seen in myoGirdnl disease 
The effects of digitalis on the T waves of nonnal hearts can be traced 
through four fairly well-defined stages (see Fig i) 

Stage I This consists only in a lowering of the height of the entire 
wave without other significant cliange m its shape or contour 

Stage II TJiis consists m a depression of the line betv\een the end 
of the S and the begimung of the T wave a period of die electrocardio- 
gram referred to as the ST interval In the early stages this line is 
concave upv\ 3 rd its point of origin being imchangetl Later it comes to 
begin definitely below the isoeleclnc line In this stage the T wave is 
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90° ^\lth the second portion of die ST line it nots joins the littei at 
a more acute angle As these clianges progress the first impression is 
obtained of an imerted T \\a\e Hoaieaer, i£ tlie esolution of this change 
IS foUoued through its \arious stages it uill be seen that it consists reall> 
in a piogressiNc depression of the ST iiitenal and does not constitute 
a true lusersion of the T ua\e Tlie peak of the original T can still be 
seen abose the isoelectric line as a small somewhat altered wa\e but 
present nevertheless m its original position the TP line as in Stage III 
does not reach the isoelectiic level immediate!) 

Tlie alteration just described and called Stage H' is the maviimim 
cinnge that the writeis have obseiveil in undiseased hearts An inversion 
of the T wave in the sense of a reversed 01 ininoi image of the oiiginal 
configuration is ceriainl> never indiicetl bv digitalis in normal hearts 
and probablj not in diseased hearts It is for this reason that the writers 
believe it to be incorrect to designate the changes produced b> digitalis 
as inversion of the T wave The> are bettei called a depression of the 
ST interval 

The T wave iliat results from the maviraum action of digitalis on i 
normal heart is specific and differs in several particulars from tlie inverted 
T wave seen in mjotardial disease The main differences he in these 
facts (1) The initial portion of the ST line begins at a point defjnitel) 
lower than the upper point reached b) the second ponton of this line 
in oilier woids the down sloping first |>ortion is shortei than the upward 
sloping second portion (2) the end of die S T peiiod — tJie remrniu of 
the peak of llie T wave — is always somewhat above the isoelectric line 
and does not fall to the base line inimediatel) (‘^) the dowai limb of the 
T wave is either slraight 01 concave iipwaid it is nevei upward convex 

M e liav e spoken of the T wave effects of digitalis being different from 
tlie T wave changes seen in mjocardial disease The chief difference in 
these two t)pes of abnormal T waves is this The inverted T wave of 
ni>ocardial disease practically always has an upward convex S T segment 
the T wave of digitalis always has a straight or concave upward ST 
segment 

With these effects on the T wave of normal hearts before the writers 
as the standards of digitalis action they investigated the T wave changes 
that occuired in diseased hearts It should be added that the T waves of 
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still nn upright though it begins louer and consequently docs not 
extend so Iiigh aboie the base line 

Stage III The S T line comes off louer and in this feature is simjih 
a progression of Stage II The first portion of this iiuersal though 
becoming less cursed and tending more touird a straight line is still not 
directed definitely downward as in a tuily inserted T svase The latter 
is still somesvhat upright though beginning low it rises definitely abose 


Sto^e. S/oyc Sia^e 


3^ Stage 3'-^ Stage 


•f** tSiaji 


Sto, 


Firitr 1 Chaiii;cs in 1 « a c I m igt i abo i b> «I g tal < S icccs« \c cl 3 ng« in T 
1 aces of a norn al I can ii Icr tan^c amounts of d gitai s dm n I scale Or ginal pos 
I on and shape of F t asc haic Ikw dorted in \JI dra rugs arc of Ln I If (Ctclofwl a 
of Sfcsl c 1 C F S Dwis Co) 


the isoelectric line The distinguishing feature of this stage lies in the 
fact tint after tlic peak of the T ssase has been reached the string 
returns to the base line gradually often being still somewhat elesated 
when the succeeding P wise begins to be written The impression i* 
obtained that the uitcrsal beisvccit an S ssase ami the suecectling P wasc 
IS clisided into two parallel levels first the slightly dossn sloping ST 
line and almost parallel but at a higher level the slightly dossn slopiiv 
T P line This type of curse is regarded as clnncteristic of digitalis the 
w liters have never seen if except os a result of this drug 

Stage IV This represents a further progression of Stage III The 
initial part of the ST line formerly practically horizontal noss begins 
lo jiojnt downward and insiead of forming an angle of approximatcU 
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90° the second poiiion of the ST hne it nou joins the latter at 
1 more acute angle As these changes progress the first impression is 
obtained of an int erted T mie Howeier if the eiolirtjoii of this change 
IS followed through its \arious stages it will be seen tint it consists really 
in a piogressne depression of the ST mter\al and does not constitute 
a true inversion of the T wave The peak of the original T can still be 
seen above the isoelectric line as a small somewhat altered wave but 
piesent nevertheless in its original position the T P hne as in Stage III 
does not reach the isoelectnc level immediately 

The alteration just described and tailed Stage I\ is tlie ma\imum 
change that the wnteis have observed m undiseased heaits An inversion 
of the T vvave in tlie sense of a leveised or miiroi image of the original 
configuiation is certainly nevei induced by digitalis in normal heaits 
and probably not m diseased hearts It is for tins leason that the writers 
believe it to be incorrect to designate die changes produced by digitalis 
as inversion of the T wave They aie better called a depression of tlie 
S T interval 

The T wave that results from the maximum action of digitalis on a 
noi mal heart is specific and differs in sev eral particul irs from the inv cried 
T wave seen in myocardial disease The main clifFereiices he in tlicse 
facts (1) The iniiial pomon of UieST line begins at a point definitely 
lowei than the upper point leaclied bv the second portion of this line 
in other words the down sloping first portion is shorter than the upward 
sloping second portion (2) the end of ihc S T period — the remnant of 
the peak of the T wave — is always somewhat above the isoelectiir line 
and does not fall to the base hne immednteh (‘^) the down hmb of the 
T wave is eithci siraiglu or concave upward u is nevei upward lonvev 

■\\ e hav e spoken of the T wave effects of digitalis being different from 
the T wave changes seen in myocardial disease The chief difference in 
these two types of abnormal T waves is this The inverted T wave of 
myocardial disease practically always has an upward convex S T segment 
ihe T wave of digitalis always Ins a straight or concave upward ST 
segment 

^Vith these effects on the T wave of nonnal hearts before the writers 
as tlie standards of digitalis action they investigated the T wave changes 
that occurred in diseased hearts It should be added that the T waves of 
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moderaiel) diseased hearts respond to digitalis quite the same as do the 
T tvases of normal hearts This imII not be further discussed 

III EFFECTS OF DIGITALIS ON T WAVES OF 
BADLY DISEASED HEARTS 

The changes that result depend to a great degree upon the original 
configuration of the T asaves 

If these a\a\es are originally upnght digitalis may affect them (i) 
exactly as it influences the T a\a\e of normal hearts Stage IV may directly 
result Stages II and III are often omitted (2) the cliaractcristics of 
digitalis insersion may be entirely missing the inaersion resembling that 
seen m coronary artery disease (Pardeef) or ordinary forms of niyocar 
dial disease 

The usual and most commonly obsened effects of digitalis on an 
iincrtcd Tj and T^ t\it!i a bicardic^ram arc (i) To increase the degree 
of nucrsion (e) to change inserted myocardial T to a digitalis type T 
uiih a characteristic upuard concasc ST segment or (3) to force the 
T ssa\e to come off below the isoelectric line without notable change in 
shape Not infrequently an in\ertc<l T s\a\c in Leads I and II is rtnderctl 
less inserted but only scry occasionally (two out of a hundred cases) does 
this progress to Uie point svhere the inserted wasc is rendered definitely 
Hpng?ic H e base jtrsc sfrcecf tbit ifi msertet? T wise miy be rcncler&l 
more inserted or less inserted by digitalis The former is apt to occur 
when the T ssases arc originally slightly inverted the latter when the 
tnsersion is deep 

In left axis dcs lation the T svasc changes in I eatls I and II are similar 
to those we base just described In Lead HI s\ith left axis dcsiation an 
inserted T ssasc may become upright or an upright T ins cited the 
S T segment is often cles'ated 

The effects of digitalis on the T waves of normal and thscastd hearts 
are briefly summarized in the following table 

EFFECTS OF DIGITALIS ON T WAVES IN DIFFERENT 
TYPES OF HEARTS 

1 In normal and slightly diseased hcaru the T waves arc cliangcd ly 
digitalis to a tvpical Sta^cJ II III or D never to a myocardial lyi>c T wave 
m which tlie SI hue is upward convex 

2 In advanced heart disease the uhimaiL change dc|>cnd$ on iminl 
direction of I v avc 
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(а) I£ upright or flat the T may be dnnged to a mjocardial Dpe, 
or to a typical Siagc I, II, III or IV 

(б) I£ slighti) inverted, the T wave may become more inverted (m)o- 
cardnl tjpe T), or — 

(c) May be changed into typical digitalis waves with depressed ST inter 
vals as seen in normal hearts 

(d) I£ initially markedly inverted the T wave may tend to become 
upright or at least become less negative or it may be made to come off below 
the isoelectric line without significant change m shape 

(e) 'Where there is a left axis deviation with T upright this wave may 
invert in Lead I witli tlie initial part of T bclou the isoelectric line with die 



ricuRE 2 Simple tachveardia ind awociatcd A \ 1 lock cniivcd b) di;;ita1iv The top 
strip (Lead II) shot s a sinus cachynrdia v tih ^ rvic o{ 230 dint followed poisoi »us 
amotints of digitalis In the loner strip (Lead II) shot n a sinus cach)ard n with a 
me of J2j that followed tl e ingcsi on of n single dose of n o o mres of the tincture of 
digitalis In both cases there is an assouated A V heart block In both instances tl e rate 
subseqiicml) returned to nomnl without change m ihe configuration of ihc P waves as 
the influence of digitalis wore off (Cjdopedia of Medicine F A Davis Co) 

upright T in Lead III beginning above die isoelectric line In other words 
jt may resemble the type T described by Parkinson and BedfordT as occur 
ung in coronary occlusion 

When diseased hearts are coiisideied (the only hearts to winch digi 
tabs IS ordinarily administered) , it is not always possible to tell whether 
certain altered T waves are the result of digitalis or of myocardial dis 
ease If these waves piesent the characteristic cJianges of digitalis the 
influence of this drug can be posiuvcly recognized If the T waves are 
of die myocardial type and show none of the chiractenstic digitalis effects 
this drug may nevertheless have brought about the change though its 
influence cannot be certainly identified 

However if a heart under digitalis yields a myocardial rather than a 
digitalis type of T it can be concluded tint tint heart is diseased, for 
digitalis causes a myocardial T wn\e only m senouslv damaged hearts 
11 
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Not h)fi(H}ucnti). dii;halii unniasls inj«x-.tidnl ducav.* Jn tlun^m^ 
a hnnnal apjKrariiv'. uprinht T u.i\c into .i iNpitnlh iiiviitcd '»a\c. Iiil 
ini' emirel) tljc diyit.dl^ ihanaeriMirs 'I hi< clnnj;c. tiK>, onlj ic«ih» 
in diva«c<l ht-ari*! 

(-an ihc sn"e of di^italtration Ikt jiid;;(.d fumi ihc slnjK? iif the I 
ua\t? In noninl oi slij»!itl) discaM:<! IicaiK, ilii\ can he d(»nc apjiioM 
in ludl\ d(M.*ascd hcaits, it caniHii. Altcnnion of the I* wiw 
rcn lic\ ii% jinshtnnn txliilc ll»c action of diglialit is still a ihrri)K-titic 
one It will not further change when lltc tlfccts of this dm^ hrtomc 
toxic. In other words it 1% not |k*ssiI>1c to tell h\ the I txasc when 







Tiriftf 3 \\ atxi \ V ihttlim Atio«ii)j| nittlrr In Itir ftoi t iti i’( 

llie trJcins (trad il> i« «tim«n \ \ hIiIi il>r vrnindr Inns linvm In 

a ikkuI narrmaLrr m<>te njirdlT than ihr %tiim n<x1r is (liion,; the aiiiictn In ilir U ) 
>«J/ thr ItJtufg /!«• \ V un>erft}ei ittr www» N i’ 

itic auricles ami die srturnlr* tins mrclianism sias imliursl Is ilisitalis ix> 
cxntiom 'Hie lo»er ruclns (l«ct Ip sliosvs an aiiiioiUr flnticr hiiIi Injih Jiaile I rci 
lilmt (Ini toltimni scsere ilisnah* p<»i«x»inij (Cssl»’|>olu c t Mrslicine I \ l)*»ls t^ 


digit.dis rcists to CNcrt isc .» Ircncficial ctTccl attd Isegto' to affcti the hi 
tnnnfnil). However, if the 'I* ss-asc cinnges hive Inen follovsrd ihto 
their etnirc development nntil theii iniMtinnn Ins I»etn icathed. t' 
the jH)int of sievs iiti) will l>c t.ihcn that a toxic digitalis action tin 
.tpproaching .and ftirthcr digir.lI/r.ition should hr proceeded »»ith 
lionvlv. In diseased hearts, the rone Irctvscen niixinmm ihetai'' 
,w tion and licginniiig toxic action n a verv narrow one. 

IV. EFFECTS or DIGITALIS ON P WAVE 
OF ELECTROCARDIOGRAM 
In addnion to the 1' vs^sc. ilic I* vsvvr is .alw* .i(lr«tcd I- 
tails'*' 1^ Tltis vsavc nnv f»c inverted, fimrnal. notched, or tr 
diphasic. lor the most juit. these alterations arc hmiiril n* I' 

In onlv three rases vsas I.rvd II involses], and in tmtu ss ts I -rad I 
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In neirly ill cases changes in the P waNC occurred after the action of 
digitalis had become a toxic one Honeser this is not always the case 
occasionally minoi alterations in the P wa\e ha\e been seen to appear 
during the earl) stages of digitalization as transient phenomena The 
effects of digitalis on the P a\a\e are brought about in the mam thiough 
\agal action they usually disappear under atropine 

V EFFECTS OF DIGITALIS ON RATE RHYTHM AND 
MECHANISM OF THE HEART 

1 Influence on the Cardiac Rate During Normal Sinus Rhythm 
Tormerly sloA\ing of the heart avas thought to be one of the main effects 
of digitalis It IS noi\ knoivn that digitalis by no means consistently sloi\s 
the rate of impulse formation dunng sinus rhytlim Slouing does occui 
in a percentage of cases in nhich tire vagus is particularly susceptible 
but this It not to be legarded as an expected action of digitalis 

Rather than slow a sums rate digitalis m toxic amounts at times 
conspicuously speeds the heart lo n i** i-i 15 ir \ot only do theie 
occni moderate increases of rate at times the rate rises loo per cent oi 
more above the original level and constitutes a real tachycardia appar 
ently of sinus origin Aiincular tachycaidia resulting from the toxic 
action of digitalis is illustrated in Fig 2 A brief Jnstory of Uie patient 
from whom the lower strip of Fig 2 was obtained follows 

Cvsi 1 (Fig 2 R) \ male aged 6a obviouslv psychopathic drank 
two ounces of a jiotent tincture of digitalis wiih suicidal intent Although 
he vomited a portion of the dnig a considerable amount must have been 
absorbed in vievi of llie clcctrocardic^aphic effects that subsequently 
developed The auricular rate rose to 123 per minme Tlie ventricular 
rate was mucli slovver as a result of a fairh high degree of AV heart 
block In two davs the rhythm clianged a nodal rhythm and AV dis 
sociation appeared ■\ normal smus rhythm appeared in about a week 
The T waves however did not regain their normal upright configuration 
for two weeks 

Conspicuous increases in the sinus rate during digitalis medication 
are always a serious toxic effect Even moderate increases so far as per 
sonal experience goes have resulted only when rhe administration of iliis 
drug IS nearing a dangerous point 

2 A V Rhythm and A V Dissociation -W ihvthm has been said 
to be induced occasionallv bv digitalis 1“ t*' If tins diagnosis is applied 
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Not mfrcquenil), digitalis unmasis in)ocardial disease b) changing 
a normal appearing, upright T ^^a\c^mo:t tvpicallj imcrtal uaic, hcl- 
tng entirely the digitalis cliaracteiistics. This change, loo. onl) results 
in serioiisl) diseased hearts. 

Can the stage of tiigitahzation be judged from the sh.ipc of ilic T 
ua\c^ In normal oi slightlj diseased licaris, this tan be done appmxi- 
maieJ). in badl> diseased hearts, it cannot. Alteration of the T naic 
reaches its maximum uhile the action of digitalis is still a thcrajiemic 
one. It will not further change when the ciTects of this drug hciomc 
toxic In other words, it is not |>ossihIe to tell bj the T wave when 




Ftcikc 3 dissociation and AV rhphm Aiinnilar nmirr. In llic Rnl halt ol 
ihe upper iranng (Lead 11) it tliown A V dhtoriaiion »jiJ» i3ic tcnirKlc Jjclnjj driven by 
a notfai naccm'iker more r.'iptdh than (he ttmit notic it driviii;; the niirlclet In the laM 
half of ilie iraoni; the A V nude supenedes the *inut node rompleirlv, loniroUini; Imth 
ill? itirirJev and the veniridet. Dm inerlianitm wat indiirnl )>) ilisitaht nn 'cveral 
oceations The loner cracinK (Lead It) vlioui an auricnlar flutter v\ith lu];h grade heart 
block ihTi follownl severe digitalis poisoning (Cvtlopciln of Mctlicine. I \ Ilvvit Co) 

digitalis ceases to excicise a beneficial clfc'Ct and begins to affect the heart 
fiarmfull) Howeser, if the T svase cfianges have been foHowed througfi 
their entire develojiment until their maximum has been reached, then 
the jxiint of \icw maj well be taken that a toxic digitalis action ma) be 
approaching and further digitaliration should be proceeded with cau 
tioiisl). In diseased hearts, the /one between maximum thcnii>eutir 
action and beginning toxic action is a S'crj’ narrow one. 

IV. EFFECTS OF DIGITALIS ON P WAVE 
OF ELECTROCARDIOGRAM 

In addition to the T wa\e, the P wa\c is also affected h) rligi 
tails.**' J*' If This wave may he inserted, flaiicned. notched, or rciulerctl 
diphasic. For the most pan, these alterations aie limited to i.ead III. 
in onl) three cases w.as Lend II intoHcd. and in none was I end I affectcik 
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In neail) all cases changes in the P ^vaae occuned after the action of 
digitalis had become a toxic one Honeier this is not ahrays die case 
occasionally minor alterations in the P ava\e ha\e been seen to appear 
during the early stages of digitalization as transient phenomena The 
effects of digitalis oil the P \ ate are brought about in the mam through 
N-agal action they usually disappear under atropine 

V EFFECTS OF DIGITALIS ON RATE RHYTHM AND 
MECHANISM OF THE HEART 

1 Influence on the Cardiac Rate Dunng Normal Sinus Rhythm 
Formerly slotting of the heart was thought to be one of the mam effects 
of digitalis It IS nou known that digitalis by no means consistently slotts 
the rate of impulse formation during sinus rhythm Slowing does occiu 
in a peicentage of cases in whicli the tagus is particularly susceptible 
but tins It not to be legarded as an expected action of digitalis 

Rather than slot% a sinus rate digitalis in toxic amounts at times 
conspicuously speeds the heart 10 li 32 14 15 ic Not only do theie 
occur moderate increases of late at times the rate rises loo per cent oi 
more above the original level and constitutes a real tachycardia appar 
ently of sinus origin Auricular tachycaidia resulting from the toxic 
action of digitalis is illustrated in Fig 2 A brief history of the patient 
from vihom the lower strip of Fig 2 was obtained follows 

CvsE J (Fig 2 B) \ male loCd Oo oluioush psjchopathic, drank 
tv^o ounces of a potent tincture of digitalis with suicidal intent Although 
he vomited a portion of the drug a considerable amount must hate been 
ibsorbed in viei of the electrocardiographic effects that subsequent!) 
developed The auricular rate rose to 125 pci minute The ventricular 
rate v as much slower as a result of a fairlj high degree of A V heart 
block In two days the rhythm cliangtd a nodal rhythm and AV dis 
sociatton appeared \ normal sini« rhythm appeared in shout a week 
The T waves hov ever did not regain their normal upright configuration 
for two weeks 

Conspicuous increases in the sinus rate during digitalis medication 
are always a serious toxic effect Even moderate increases so far as per 
sonal experience goes have resulted only when the administration of this 
drug is nearing a dangeious point 

2 A V Rhythm and A V Dissociation A V rhythm has been said 
to be induced occasionally by digitalis f 1** If this diagnosis is applied 
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onl> ^\heu nodal impulses control both the auricles and \cntricles the 
condition is \eT) mrelj the result of digitalis it i\as onU iiMce obsened 
b) the writers (Fig 3) 

AV dissociation with the \entncles responding to nodal impulses 
more rapidl> than the auricles are responding to sinus impulses (Fig 3) 
is a disturbance of rh>Uim that is induced b) digitalis fairl> fre 
quentl) js lO 20 21 22 This disturbance as a result of digitalis has 
been encountered personally m 12 instances It has usually occurred only 



FrtRf I A\ heart hlcKt %ci incular cxin^)-'ioln anti >ci tr aibr parovj mal 
tael jcardia earned b) d g Cal 1 Strip one (Lea I II) <ho s a l o lo « nc \ \ 1 cart I lott 
jhil S JJo cd large amou of d g ul « O i il c won 1 line arc si own n o port nns of 
the same traang Tl e left sir p si o s two to one \ \ I lock the r ght co pinl sei it c 
lar e\iras)stolcs In tie same traong there anpe-irctl si rt nis of scitrinlar lath) 
ard a (not sho n) \i the r ght of the ih rd I nc is shown I o to one \ a 1 lock w ih 
a single sotaicd senir cular e\tras)-slolc at il e left an Ijc seen the end ng of a paroxjsm 
of sentr cular tael sard a cl at folio ed hrge amo ms of dgtals (Cjel ped a tf 
M«I c nc F A Dims Co) 

after the action of the drug had become a toxic one It may be significant 
that aside from minor grades of A V heart block this is the only impor 
tant disturbance of rhythm that the wTiters have been able to induce by 
digitalis m undiseased licarts This disturbance is nntnlj the result of 
a vagal action being usually abolished by atropine While it is to be 
regarded as a toxic result of digitalis being clucflv vagal m origin it is 
not of such serious prognostic significance as other disturb inrcs vsfucli 
arc caused by direct action of digitalis on heart muscle 
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3 Aunciilar FibrJIation and Flutter Auncuhr fibrillation has 
been reported to folloiv Hrge amounts of digitalis 13 23 24 2C 2C 
Auricular flutter apparently also can be pioduced by this drug AVeddsT 
has reported one example and Uie tvriters28 have more recently recorded 
tuo instances of tins latter association (Fig 3) 

A brief history of one case follows 

Cyvsc 2 (Fig 3B) A male aged 60 with arteriosclerotic heart dis 
ease and congestive failure presented a normal sinus rhythm on admis 
Sion On the sixth day after a total dose of m/ie dnms of the tincture of 
digitalis had been given nutter with a 6 1 AV heart block appeared 
Although digitalis was stopped this patient developed on the following 
day a complete AV heart block Flutter persisted and death occurred 
two days after its first appearance It is interesting that at no time did 
the patient vomit 

Though It 15 somewhat difficult to establish beyond doubt that fibril 
lation and flutter result from digitalis, it seems highly piobable that this 
IS so not only because of the clinical evidence but also because of certain 
established experimental facts which will not be considered heie In 
those personal cases in which fibrillation and flutter were apparently 
induced by digitalis the response occurred only after the heart had been 
seriously poisoned by the dtaig 

4 A-V Heart Block Prolongation of A V conduction time (and 
even higher grades of AV block.) is one of the well known results of 
digitalis This effect has been said to be a constant and early sign and 
therefore of value in determining the degree of digitalis action Tins is 
unquestionably true when the auricular mechanism is fibrillation When 
a normal sinus rhythm is present delay in A V conduction is not readily 
induced by digitalis except after lai^e amounts have been administered 
In a senes of 59 cases with sinus rhythm to whom massive amounts of 
digitalis were administered only 30 showed any lengthening of the P R 
intervals of the electrocardiogram Varying grades of A V block induced 
by digitalis are shov\n in Figs 2, 5 and 4 Slight and transient lengthen 
ing of AV conduction time is not to be interpreted necessarily as an 
indication for discontinuing the drug a definite and constant lengthen 
ing slioiild be so interpreted Dropped ventricular beats and high grades 
of AV block result only from laige amounts of diguahs When these 
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are seen, the heart has itnqtiestionabK been dangerously jwisoncd by 
the drug. 

5. Relation to ExtrasystoUc Disturbances ; ^Vhen extrasjstoles arc 
present in diseased hearts, they can be abolished at times by digitalis -s. so 
On the other hand, there is no doubt that digitalis often induces c\tra 
ssstoles in a diseased heart 3i. a2, 33, 34.3S. ao This disturbance, in its 
characteristic form of a bigeminal rhythm, is one of the characteristic 
signs of a toxic digitalis action (Fig. 4). Exirasystoles actuall) occur iu 
only a small percentage of the cases to uhom digitalis is atlministcied 
e%cn in toxic amounts The WTiters have ncser obser\ed this disturbance 
in normal hearts, or slightly diseased hearts that hare been recehing 
digitalis Moreorer, it t\as observed in only 13 of 34 severely discasctl 
hearts to vs’hom toxic amounts of digitalis v\cre administered. Hovsever. 
when digitalis is being used in large amounts, tlie appeaiancc of isolated 
exlrasystolcs, hitherto not present, is an evidence of a serious toxic state 
of the heart muscle and is a positive indication for rhe imnicdi.ite dis 
continuance of the drug. If the appearance of isolated cxtmsystolcs is 
disregarded and the administration of digitalis penisted in, vcntrtrular 
paroxysmal tachycardia or some other serious toxic rhythm will verv 
probably soon appear. 

6. Ventricular Paroxysmal Tachycardia: There can he no doubt 
that this disturbance can be brought on by ovcrtligiialiratlonH. in. to 
2:5, 34. an, 3C Aside from clinical experience, the well known ability of 
this drug to cause ventricular extrasvstoles, and liie close rcblion of 
these to ventricular paroxysmal tachycardia, strongly suggest a rauxuive 
relationship between digitalis and this arrhythmia. In addition to a 
number of questionable examples, five dermite instances have been seen 
by the vmters in sriiich ventricular paroxysmal tachycardia resulted 
almost certainly from digitalis (Fig |) 

The history of tlie patient, vvhose tracing is shown in the Ikuioiu 
strip of Fig. j is hriefls rcjxiried 

Casf 3 (Fig. 4 C) • A man. aged 55, s^iih hyptrtensise htari iliseast 
and congestnc failure was put upon 1^4 ‘Irams of ihe tincuire of digitalis 
daily. On the nintli day, an irrcgularits vsas obscnctl: the elccirocardifi- 
gram at this time showctl numerous veniricular cxtrasystolcs, many of 
which were coupled AUhotigh the drug seas stopped, this patient <lcsol 
ojied a short parovssm of ventricular tadiycardia on the following das. 
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In 21 hours fortunatclj the \cninculnr t3dj)canJja disappeared uJjiIc 
this patient sursned the attack of acntncular taclncardia t!ic presence 
of the arrhsihmia is a serious esent Man) patients manifesting such 
eMcIence of digitalis toxicii) die soon nfier its appearance 

In tins and the other fottr cases referred to isolated e\tras)stolcs had 
been seen but tn spite of them digitalis had been continued after their 
appearance Tiiese fite cases again illustrate liou slight is the margin of 
safei) bett\cen a therapeutic and lovic action of digitalis m seriousl) 
diseased hearts In all of these cases this serious disturbance began aery 
soon after the appearance of isolated e\tras)sloIes and before the usuall) 
looked for symptoms of o\erdigitaIizaiion (nausea \omiting etc) Averc 
seen 

In conclusion it can be said that simple tachycardia A V rhythm and 
AV dissociation auricular fibrillation and flutter AV jicart block 
\entricular extrasystoles and tentnciilar paroxysmal tachycardia can all 
result from digitalis ^\hen they appear they arc an CMdcncc that the 
action of digitalis has gone beyond tlie point of optimum thcrapcuiic 
benefli and has become a toxic one 

VI EFFECTS OF DIGITALIS UPON THE 
ELECTROCARDIOGRAM OF PRECORDIAL LEADS* 

In MOW of the established taluc and general use of prccordial leads 
It becomes essential to determine the effect of digitalis upon the com 
plexes in tliese leads This is all the more important because llic changes 
produced by digitalis \ery closely simulate those produced by myocardial 
infarction 

The chief changes obsened arc those inaolaing the RST segment 
Wniereas the changes obsened in the indirect leads Iia\c been dnitlcd 
into those obsened in normal and diseased hearts this type of classifica 
tion IS not so applicable to the precordial leads Tlie iyj>es of changes 
obsened depend upon (i) avhether one is dealing uith a Lead I\' \uth 

• T1 e ted n c i ?cd m tat ng ihc precof 1 at lea U here rcferreil lo con t« in pbc ng il e 
riglii ann electro<lc in d e reg < ii of il e apet of il e I eart ihc left arm cfcrtrrxfe ar the angle 
of Ihc left «c3px la the left leg eleelrotle l>c ng kq>i in «« m al pox t on Tl e anieropoxicr or 
lea I 11 referretl lo ai Lrx 1 I\ the apc\ left leg lad ts termetl Lea ! \ at d ihc poxier or trf« 
leg Irtd 11 called Lead M Retcnil) a» dexci bed d»axherr m tf « hoeV Ue Uni 1 and 
\mcr an Hart Awcni om haic a lopted a d fferent metl o<! of plac ng ihe cletirrxlci Itv 
tl 11 newer method Lad a I i» eni rcl> el m nated and the d rett oi of tf e w-a>« > tcxrixeif 
Imtead of an m t al Jcflect on of the QRS anplrc Ix-ng normallv lownward It w » U 
i pward The T i am x lllw t pr ghl imtad of mmied 
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a \enmculnr complex having a large mxtial dovravvard deflection or (2) 
a small or absent initial dounwarcl deflection 

1 Changes m the R S T m Association with a Large Imtial 
Downward Deflection \Vlien this configuration is present digitalis will 
elevate the RST segment m Leads IV and V (Fig 5) The elevation 
in Lead IV is usually greater than that in Lead V This is due to the 
fact that Lead V is approximately the algebiaic summation of Lead IV 
and Lead Vi and the S T is slightly depressed in Lead VI The one 
exception to this is in cases where the R ST is elevated in Lead VJ due 
to the presence of a left axis dev lation In such cases the RST elev anon 
caused by digitalis will be greater in Lead V than in Lead H 

2 Deviation of R S T m Association with Small or Absent Imtial 
Downward Deflection Tlie initial dov\nward deflection is diminished 
in amplitude under the following conditions (i) ivnien the anterior 
electrode is moved upward along the left ventricular bordei to the third 
interspace (2) in cases of myocardial disease involving the left ventricle 
'e g, m hypertension luetic heart disease) (3) in old antenor occlusion 
the initial downward deflection may be small or entirely absent IVhen 
the initial downward deflection is small m Leads IV and V as a result 
of any of the above conditions digitalis produces a depression of the 
RST segment belovs the isoelectric line resembling very closely that 
seen m Stage IV of digitalis effects observed in the inclirect leads 

(r.g aS) 

The differentml diagnosis between digitalis effects in precordial leads 
and tliose due to myocardial infarction may be made by a consideration 
of the RST alterations in the indirect leads together with the changes 
observed in the precordial leads While the differential diagnosis may 
be made in most cases m a few instances this is impossible by electro- 
cardiographic findings alone 

REFERENCES 

1 Cohn A E and Fraser F R Trans Internat Congr of Med 6 255 

London 1913 

2 Cohn A E Fraser F R and Jamieson RAJ Exper Med 21 593 

1915 

3 PvRDEE H E B Clinical Aspects of tlie Elcctrocanliograin Paul B 

Hoeber New York 1924 

4 Bromer a M and Blumcart H L JAMA P2 20J (Jan 19) 1929 



CARDIO\ \SCULAR DISE/\SE 


Hil 

D IJelljt S Robertson \\ E nnd McMjixas T M Unpublished 
Observations 

6 Pardee H E B \rdi Ini Med 25 116 1920 

7 PvRKiNsoN J and Bedford D E Heart 15 19j 1929 

8 Cartfr E P andMzDD A M Arch Im Med V 1 1919 

9 Stevens H M Boston M and S J i// SI o 1916 

10 Wedd a M Bull Johns Hopkins Hosji 50 ISl 1919 

1 1 Robinson G C and \\ ilson F \ Pharmacol and Exper Thcrap 

10 191 1918 

P Dani£lopoli D Arch d mal dii cocur /5 j 37 (Vug) 1922 

13 Danielopoll D Comp rend Soc. dc biol 79 97 1916 

14 Reid M D Arch Int Med 55 25 (Jan) 19‘’4 

15 Llten D Ibid 5} 87 (Jan) I92 d 

16 Houard T Am j M Sc. 1/5 16d (Feb) 19'’/ 

17 RicitARDSON H B Arch Int Mcil 29 2j5 (Feb) 1922 

18 Cohn \ E Heart 5 o 1913 

19 Cohn A E J A M A <55 1527 I91d 

20 Oppfnhlimlr A S and A\ iliiams H B Proc Soc. Evper Biol and 

Med 79 86 1913 

21 Christian H \ \in J M Sc 157 593 1919 

22 White P D \rdi Int Med M24J 1916 

^3 Mackfn 2 IF Sir J Bnt M J 7 .>87 190j 

21 Clshnv a R Dijjitalis and Us Allies Longmans Green tihI Co 

London 

2a Ghchrist A R American Heart J 7 jlf (June) 19*^6 

26 Resnik W H j Cim Investigation 7 181 (Dee) 1924 

27 AAedd a AI Heart 77 87 (April) 1^21 

28 McMillan T AI and Bellft S Am J M Sc 79/ 33 Qul)) 1932 
*>9 AAfncmbach K F Bnt M J // 1600 1910 

30 Otto H L and Goit) H Arch Int Med 5/ jr2 (April) ID’f 

31 Bastido A\ a Am Practitioner <5tf f 09 1912 

32 Eden E and Huber J E Deutsches Ardi khn AIc<! 775 47r I9ir 

33 Robinson G C Methane 7 I (Mas) 1922 
31 SnivvENSEN C Heart 9 199 (Aprd) 19'>2 

3o Fflberbaum D Am J M Sc 7^^211 (Aug) 19'’3 
3r AIarvin H M Am Heart J 7 21 (Oct) 19‘’8 
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SURGERY OF THE HEART AND PERICARDIUM 

B ) Claude S Beck, M D 

Introduction: Tlie application of the aseptic principle which was 
introduced some 6o )ears ago marks the beginning of modern suiger) 
Sepsis and secondax) hemorrhage weie bamslied bj the aseptic methods 
and the dread of operation began to disappear after these methods were 
introduced A great development in surgery took place m a relatnel> 
short period of time. .All parts of the body were explored Tlie chest 
presented special problems uhicii delayed the development of tlioracic 
surgery 'Who of the surgical pioneers living in the eiily aseptic period 
desired to remove a lung when die apiiendiv, uterus, gallbladder, breast, 
kidney, thyroid, etc , were more accessiblcl Who, also, desired to operate 
upon the heart— an organ chat is alv\ays in motion — possessing a great 
capacity for hemorrhage, and possessing also a constant threat of stopping' 
It IS not surprising then to find a comment of tins nature from Billroth, 
the pioneer in gastric surgery, made in 1883, as follows 'The surgeon 
who would attempt to suture a wound of the heart would lose the respect 
of his colleagues ” ^Vounds of the heart were considered to be necessarih 
fatal. Tins was the general belief for many centuries The first evperi 
ments on cardiac wounds that I can find in the literature weie Larnetl 
out by Block on rabbits m 1882. He produced stab wounds of the heart, 
successfully sutured the wound and advocated suture of the wound when 
the human heart was stabbed In 1895 Del Vecchio demonstrated the 
healed scar that followed a wound that he had made in a dog’s fieart 
His demonstration vtas made before tJie Eleventh Intel national Medical 
Congress at Rome and it attracted attention Shortly thereafter, Septem 
her 4, 1895, the first operation on the human heart was performed by 
Alex Cappelen of Chnstnnia Thus the heart entered the domain of 
surgery. 

Cappelcti’s Case \ man, aged 24. received a stab nouml m iJit 
foiirtli left interspace in die midaxillarv line He walked home hli'cding 

(1115) 
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from the uound About an hour later he was adimttccl to the liospital 
at tthicfi time he showed signs of hemorringe an imperceptible pulse 
and distant faint heart sounds Bleeding from the wound had ceased 
Camphor stimulated the heart so that the pulse could be felt and con 



Fictitr I \1c\ Cappclcn (ltU8 1919) pwfoniinl the first operat on 
upon (he hURUin hear! 


sciousncss returned There was dullness to peraission oscr the left side 
of the chest 

At operation chloroform anesthesia was used The third and fourth 
ribs on the left side were rescacd The intercostal arters was not cut 
The left pleural casitv contained 1100 cc of blood The lung ssais not 



SURGER\ OF THE HEART VND PERICARDIUM 


1147 


injured Bleeding continued from the depth of the opcratne field and 
an opening in the pencaidium large enough to admit Uie tip of the 
finger tvas found Tlie pencardium r\as distended uiih blood It isas 
opened A wound in the left ^enlncle 2 cm long was sutured wiili 
diromic citgut and a bleeding coronar) trier) was ligated The rh)ihm 
of the lieart ivas rCj^ular throughout the operation 

During the posioperat»\c period which lasted two and one half days 
the pulse was rapid c)anosis was present and there was a slight feier 
The cause of death ivas anemia and pericarditis The svound had not 
penetrated into the cavit) of the left ventricle The bleeding had ocairred 
from the coronar) arier) 

Classification of Heart Diseases Diseases of the heart can be divided 
into an intrinsic gioup and a smaller extrinsic group The intrinsic 
structures of the lieart tliat become the seat of disease consist of muscle 
vailves endocardium epicardium conduction svstem coronary arteries 
and coronary veins 'Which of these intrinsic structnres can be treated 
by operation after becoming involved by any of the pathological proc 
esses^ The suigical group of intrinsic lesions consists of trauma with its 
accompanying hemorriiage stenosis of valves sclerosis of coronary arter 
les spontaneous rupture of the heart aneurysm of the heart ventricular 
standstill and ventnculai fibrillation 

Extrinsic lesions of the heart disturb function by compression angula 
tion or rotation In my experience these disturbances occur as entities 
Thus a compressed heart is not also anguhted or rotated and an angulated 
heart is not also compressed Traction upon adjacent structures througli 
adhesions to the heart is not included as a component of extiinsic cardiac 
lesions In my experience it is doubtful wlietlier traction in the long axis 
of the heart can disturb cardiac function 

As a rule an extrinsic lesion does not extend into the heart and 
become also intrinsic A heart with an extrinsic deformity is to be con 
sidered as a good heart tint has become crippled by an outside factor 
It follows from tins that if the extrinsic factor can be lemovcd the heart 
becomes normal Tins statement is essentially correct although there are 
exceptions to it Lil^cw ise it can be stated that iniriunc disease as a rule 
does not become extrinsic TJie adhesions that develop m rheumatic 
heart disease or over a myocardial infarct both originating from intrinsic 
diseases do not disturb cardiac function 
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These statements ongtmted bj the writer, ire tlic result of e\pcri 
ences m expenmennl henn work The\ should lielp to remo\c liit 
confusion that now exists in nomcnchture and diagnosis Tliej should 
make the operation become a logical procedure The\ bring into question 
the soundness of the Brauer operation 

COMPRESSION OF THE HEART 
Physiology Under normal conditions the pressure upon the heaii 
and the great vessels at the base of the heart is negatise or less than the 
pressure of the atmosphere This negative pressure is produced b) the 
elastic recoil of the lungs and measures 4 to G cm of water Likewise 
the pressure withm the letiae ciiae is iiegatise bj seseral centimeters of 
water The walls of the caiac are soft and collapsible and readil> jield 
to pressures from within or from without I ci m considei the effect of 
an increased pressure 111 the pericardial cavitj such as occurs when the 
heart is stabbed and bleeding cakes place from the wound As the heart 
and intrapencardial segments of the aenae ca\ae arc compressed b) the 
accumulated blood we find that the \cnac cavac and ihe right auricle 
become collapsed The flow through these structures is imintdiaieh 
reduced and the blood is held back in the tenons sjstem Tlic tenons 
pressure immedntcl) begins to rise and if it can rise sufTicicntl) high 10 
otercome the collapsing effect of the intrapencardial blood filling of the 
heart is resumed If additional bleeding occurs so tint the nurapencar 
dial pressure is again increased ise find that a repetition of etcnis takes 
place namel) slowing or stopping of the blood stream in the ca\ae and 
elevation of venous pressure It is apparent that a definite relationship 
exists between the pressure outside and the pressure inside the venae 
cavae There are certain tiniifs alx>vc which the pressure outside the 
cavae cannot rise and these limits arc determined the heights to which 
the venous pressure can rise In acme conditions the vtnoits pressure 
can rise to 15 or 20 cm of water In chronic conditions tlic venous pres 
sure can rise to {2 cm of water \cnte and cJirontc pressures almvc these 
respective levels can be considered as fata) 

The amount of pressure that the bean and venae cavae can lolcratc 
depends tijion several factors One of the factors that determines the 
amount of pressure tfiat can be tokmetl is the rapidit) vvith which the 
I>ressure is binh up in the jxrricardial nvitv If 11 develops slowlv it can 
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go up to le\eU that are defmitel) higher than if it develops npidl) 
These higher chrome jiressuies are made possible because in the thronu 
conditions the venous pressure rises to higher levels than it does in 
patients with acute compression 

Two factors help to elevate venous pressure in the diromc diseases 
One IS an increase in the circulating blood volume The other is an 
increase in venous pressure produced b> the waterlogging of the bod> 
An interesting obsenalion tliat we made relative to venous pressure 
in jiatients with chronic compression was that the venous piessure fell 
when large quantities of fluid were removed from the abdomen This 
was clue to the relaxation and engoigenient of venous channels in the 
abdomen aftei the abdominal tension was released An abdominal binder 
restored venous pressure to its lUp,her levels Ollier jioints of therapeutic 
value along this line can be mentioned 

It IS well to remember that venous pressuie can be raised b> the 
addition of fluid intraveitousl> and that pressure upon the heart can be 
reduced b> the aspiration of fluid from the pencardial cavity In those 
cases demanding urgent treatment these proceduies are of value while 
preparations for operation are being made It should be noted that an 
elevated venous pressure is essential in cases of compression However 
after the compression agent has been removed the high venous pressure 
becomes something of a danger in Uni it dilates the heart 

In one of my patients the heart failed after a compression st ir iiad 
been successfully removed The heart dilated and failed In certain cases 
showing very high venous piessures bloodletting is sometimes indicited 
after the compression lesions are removed by operation This will rediue 
venous pressure and will lessen the degree of dilatation of the heart 
The compressed heart is always a small heart It cannot dilate It 
cannot undergo hypertrophy It is an efficient oigaii and does not v\astc 
eneigy It receives a subnorm d quota of blood and it pumps out a sub 
normal quota of blood In pumping out a subnormal quota of blood it 
performs a subnormal quota of vxork 'Hie ficail can do nothing about 
the 1 eduction in vsork load It pliys a passive role and receives whatever 
blood the venae cavae can delivei to the cardiac chambers Inasmuch as 
the w ork load of the heart is reduced the heart muscle undergoes atrophy 
The liean muscle undergoes disuse atrophy in exactly the same waiy as 
anv other muscle m the body undeigocs itrophy when it is not allowed 
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Acute Compression Tnad Acute compression of the heart is pro 
diiced ilua)S b> n fluid ngent such is blood pus gns transudate or in> 
combination of these The fluid is cither in the pericardial easily or in 
the mednstinum Snb uoundsof the heart or great \csscls ire i common 
ciuse of compression It occurs also m purulent pericarditis ind it can 
occur IS 1 complicition follouingan opcmion in the mednstinum 
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A triad of signs has been formulated by the tvriter for tlie diagnosis 
of acute cardiac compression The mad consists of a smalt quiet heart, 
a falling arteml pressure and a nsmg tenons pressine (Fig 2) All 
other manifestations are secondary to these Such secondarj manifesta 



tions are distant heart sounds absence of precordial pulsation dyspnea 
evcuemenc folloued by unconsciousness cold clammy skin and fever in 
the presence of infeciion 

The treatment depends ujjon the lesion producing compression In 
the traumiijc cases the blood clot should be removed and the injured 
structure repnircd In the infected lesions the pus should be evaanied 
2-1’ 
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Chronic Compression Tnad Chronic compression of iJjc hciri cm 
be produced a \atict\ o( lesions Compression bs ibe fonnanon ol 
scar tissue around the heart and in the parietal pericardium is the com 
moncst cause Blood pus transudate or exudate in the mediastinum or 
pericardial ca\it> can prodiuc chronic compression Nco/ilasnis Jocahred 
abscess bands of scar tissue o\er the auricle or \enae ciiat can produce 
the compression ssndrome Adhesions to the heart ncier jnmlucc chrome 
compression 
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fircKt l Rcpiwl Clou o( l.\iiio 5 :raph rociiiRin }.rjm iii j mini ot tic tl Mih 
RC 1 ctal leil ciril ac compression iluc lo »<ar The scmtcil < Ul e in I ratw ll c jnij 1 Uitle 
of piilulioti aaic rociil],ei ogrami arc latm "illi a lea 1 gn I ti nia n ng ini leric Mot* 

111 front ot the plate flic plate nwre^ d inn^ ihc espos ire « Uat cier' jin'* of 
***ioIc II d tl utolc I* rccordcit o i the plate A Ileforc oper i on It \fter i perat t 
Note the increase in amplit ide of pulsai on after t jxrrat o i 

V triad of signs has been fonmihtcd b) the iiriitr for the dii^nosis 
of chronic cardiac tompicssion This tnad consists of a snnl! tpiict heait 
a high \cnous picssurt as measured in a \tin of the arm and ascites 
together uiifi a large hser (Fig This diagnostic irntl cannot be 
urong There should nc\er be am confusion or mistake in linking this 
diagnosis No special tests are necessar) Indeed the diagnosis can l>c 
made b> simple obsenition of the patient The presence of nanosis ( f 
the hands lips eirs and face and the prominent seins iti the neck 
and arms point to stasis in ihe sujicnor sciia ca\“i I he next obsers ition 
IS of the abelonien AsciiCi /xJinis lo stasis in the inferjoi sen i casn Fite 
precordium is next obseneel and if there is no visible pulsation present 
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Uie patient has chiomc compiesswm— not coiistnctne pericarditis, not 
adhesive pericarditis not Picks dtseise, not Concato’s disease, not medi 
astmopericarditis These terms are confusing: M’hile the diagnosis of 
chronic cardiac compression om be made by simple observ'ation alone, 
It does not tell the nature of the anttomical lesion pioducing the com 
pression The lesion must be determined by additioinl data A very 
laige pericardial shadou in the x.ray indicates hind in the pericardial 
cavity and the fluid cm be blood, pus ttaiisudite oi exiiidite A smaller 
shadow indicates a tompression star arid an asymmetrical shadow mdi 
cates a neoplasm, a dermoid tyst oi i localized abscess 

The secondaiy nnnifesntions of chronic cardiac compiession consist 
of subcutaneous edema which iniy not be marked, hydrothorav of variable 
amount, a venous pressme measuuiig i8 to 42 cm of water, dilated veins 
cyanosis, elevated cerebiospiml fluid pressure, decreased cucuhtion time 
inaease m circulating blood volume distant heart sounds without mur 
inurs, pulsus paradoxus, auncular fibnlhtion, auricular flutter or a nor 
mil metlnnism. icduttion in amplitude of the heartbeat, pulse pressure 
of about so mm of mercury, ledtiction in cardiac output to as little as 
28 ct. per beat in an adult slurring and low voltage of the electrocardio 
gram, weakness and malmuntion rixaiion of tlie heaii and fixation of 
the electrical axis are not important for diagnosis Reduction in amplitude 
of the heartbeat can be shovvn In the kymogiaph roenigenogram (Fig 4) 

TRAUMA 

PENETRATING WOUNDS OP THE HEART 
These are stab wounds and bullet wounds Any of the component 
structures of the heart can be injured — auricular or ventricular wall 
interventricular septum, coronary arteries and veins, the conduction sys 
tern, any of the vailves. the great vessels at the base of the heart, and the 
parietal pencaidiuin A foreign boilv tan enter the heart through the 
skin, dirough the esophagus 01 through the venae cavne or pulmonary 
veins Infection can be carried in from the outside A thrombus can 
form in one of the cardiac clnmliers at tlie site of the wound The ihrom 
bus can be sw epi into the lung or into the peripheral circulation Hemor 
rbage can occur from the heart or from the great vessels If i!ie blood 
escapes from the pericardial cavity into tlie chest or into the niediastinum 
or to the outside, exsaiigmnaiion can occur Compiession of tlie heart 
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IS produced if ihe blootl does not escape and remains locked in the |>cri 
cardial cavitj. 

The functional disturbances produced b) cardiac trauma arc depend- 
ent upon the structure or structures imoUed in the trauma. A septal 
lesion msolving the bundle of His can protlurc Jicari block. If a leaf of 
the mitral \al\e is sesered or if one of the chordae tendincac is scscrcd. 
mitral insufTicienc) results If a stab enters a cardiac cavil), bleeding mav 
or ma) not occur. If the svound is small and enters oblique!) into the 
ventricle, the wound will not emit blood If a m.ijor coronar) arter) is 
severed, the ventricular wall supplied b) the arter) becomes isclicmic and 
ventriailar fibrillation occurs. 

Diagnosis: The manifestations of penetrating cardiac injuries arc 
variable. The clinical signs can be grouped as follovvs: (i) Those pro 
duced b) injur) of the intrinsic structures of the heart, sucli as a valve, 
a coronar) arter), the conduction s)stcrn, etc.; (e) those produced b) 
e\sanguination, and (3) those produced by compression of the heart. 
Severe injuries of intrinsic cardiac structures, as a nile, arc immcxliatcl) 
fatal and the problem of diagnosis is not presented Generali) in such 
accidents the ventricles arc thrown into fibrillation and death is imme 
diatc. If the tnjur) to the heart is loss severe, the patient trill continue 
to live after the accident and the problems of (li.ignosi$ and treatment 
are presented In man) of these patients the heart will show no evidence 
of intrinsic cardiac damage. The signs arc cniirclv those of evsanguim- 
tion or compression. The blood escapes into the pleural cavil), into the 
mediastinum, into the pericardial cavil), or iJiroiigh ihc wound 10 ilic 
outside. Tlie signs of cxsanguinalion need not be discussed. 

Treatment: Onl) brief discussion of this subject can be given. Most 
of the patients who reach the hospital alive require ojiciation. Occa- 
sional!), a {vitienl with a sub wound recovers vvithoul operation. The 
bodv must he kept vvariii If the circulation has slopped or if it is feeble, 
intravenous fluid shouhl be given vvhilc preparation for ojseration Is 
made. If the respiration Ins stoppcti and if the patient Ins lost con 
sfioiisncss. uigcnt heroic ste{>s should be taken. 

It takes but a few momems 10 expose the hc.ari and iclcasc the com 
prcssion When the paiieni begins to brcaibc. an .ancsilictic must be 
given while the surgeon takes care of the woiiml Tor the less urgent 
operations an anesthetic is given Itcfore the opcr.ition is st.iricd amJ 
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mechanjcal respiration is an added saf^ard An exposure to the left 
o£ the midline is usually used If the noiind is in the right side an 
exposure to the right o£ tlie sternum is indicated The pleural canty is 
opened i£ necessary The pericardium is opened and the blood clot is 
e\acinied This releases the compression and immediately the heart 
fills ivitli blood 

The first pulsauons o£ the heart after release of the compression are 
more Mgorous than normal <and the tasks of controlling the bleeding and 



Ficwi£ 5 Author s mcihotl for $iiture of siah txmitu! of the hearL A suture is placet! 
in the tpex of the left sentricle This is held in the left hand and at Ihe same lime the 
left index linger is placed upon (not m) the svouml This stops the bleeding Sutures 
arc placed on each side of the wound the finger is reinosed and when ihis i» tlone gentle 
traction IS applied to these sutures to control bleeding Tlie wound is then sutured 

repairing the wound must be met by the surgeon The literature contains 
dramatic descriptions of die blood spurting of the surgeon getting it in 
his ejes, of a foam rising up to cover die heart, of the patient regaining 
consciousness and moting on the table, of tearing the heait muscle uhen 
die isound vsas plumed by a finger, of sutures tearing tlirough the heart 
muscle, of exsvanguination, of a life saved or a life lost 

The problems difficult as die> appear to be, can always be managed 
widi satisfaction if a few facts are held m mind Hemorrhage from a 
ventricle must be controlled by placing a finger upon and never in the 
wound To keep the finger from slipping off die wound the heart is 
steadied by a suture in die apex After the apex suture is placed and 
after the index finger is placed upon the wound tlie urgency of the 



1156 


C/\RDIOVASLUL.\R D1SE.\SE 


opernion is o\er and lime can be taken to caiT> out a saiisfacior> repair 
of tlie avound Control suttires are placed on each side of the rinj^tr, 
crossed and held undei mwlerrtc tension hj the assistant The Finger is 
removed There is no bleeding and permanent sutures are placed The 
control sutures and the ape\ suture arc removed (Fig 3) 



\n auriculai vvonnd cannot be controlled hj this method It can be 
repaired easily b> taking the margin ol the wound in clamps bringing 
the margins together and then suturing the wound It is inijKJSsible to 
stop bleeding from an auruiilai vxound b\ placing the finger upon the 
wound A hcmostai will crush and break vcntncnlir wall hut will nut 
do this to auricular wall 
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Complicinons such is foreign bodies ^nci infections will not be 
discussed 

NONPENETRATING WOUNDS OR CONTUSIONS OF THE HEART 
These uotinds aie innicted when the bod^ fills from a great height 
(Fig 6 ) oi when an impact or hei\) force is applied to the chest (Fig 7 ) 



nriRc" Card ac e«miuM«n uuh fnciurcs Bulled by a IniU 


or iippei abdomen The commonest tape of injun jjioilucing con 
tusion of the heart is the steering wheel accident (Fig 8 ) Another t>pc 
of injury producing contusion of the heart is the passage of a wheel over 
the chest or oaei the uppei abdomen (Tig <)) m impact hj i fist h) a 
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golf ball oi b) a horse s hoof (Fig lo) can produce a contusion of the 
heart An) part of the heart can be bruised an) of the chambers can be 
ruptured and any of the \al\es can be torn Hemorrhage of %anable 



degree occurs in the heart muscle rvhen a contusi\e injur) is receded 
Areas of hemorrhage contusion and laceration may occur not only at 
the site of trauma but elsenhere in the heart TJiese areas of liemorrhage 
can be multiple The heart can be bruised r\ithout fracture of sternum 
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or ribs. Indeed, there may be no demonstrable evidence of injury to the 
chest wall. 

Rupture of the heart can occur in several ways. It can be ruptured 
as a toy balloon can be ruptured in one's hand by the application of 



sudden sev’ere compression One would expect that a trauma of this 
nature vsould be more desmtctive if it should be applied at the end of 
diastole or at the beginning of systole, when the heart is filled with blood 
One would also expect this trauma to be more destincihe if it should 
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be applied from the base of the heart to\saTd the apex, so that the blood 
cannot escape as tlie heart is aimpressed 

The heart can be ruptured bj breaking open the friable mjocardium 
This can occur eten though the heart is emptied of blood The heart 
can be ruptured b) softening of the bruised area Analysis of the htera 



ture shows that if the patient suraites the first nine hours after injur) 
the chances of surtning the first week are better tlian his chances of 
sur\iMng the second week One would expect the greatest amoinn of 
softening of tlie injured myocardium to be present during the second 
week and this point should be gisen special consideration in the treat 
ment of these cases so that such blowouts of the heart mas be avoided 
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Another mechanism b) rshich the heart can he ruptured is by sudden 
distention ;vith blood This can occur uhcii the blood is forcibly druen 
fiom the legs and abdomen as tsheii the body is engulfed in a ca\e m 
accident (Fig u) . Spontaneous rupture of tlie right am icle has occuned 
Incidence of Cardiac Contusionstin 1935 Bright and Beck analyzed 
the literature on nonpenetraung in|uries of the heart and found 152 
instances of cardiac rupture, n instances of failure without ruptuie and 



12 instances of recovery In tlie recovery group die diagnosis was based 
upon clinical manifestations. According to this analysis, it appeals ilm 
when die human heart received a contusion, death was the rule and 
recovery was the exception According to experimental data the heau 
can withstand an enormous amount of contusive trauma and recover 
In the experiments, recovery vv'as Uie lule and death was the exception 
^Ve can conclude from these dau that the group of human cases in which 
recoveiy took place was much smaller than it should have been The 
clinical diagnosis of cardiac conluston is made loo infrequcnCly It is my 
belief that contusions of the heart are fairly common. J believe they are 
of commoner occurrence than the penetrating wounds of the Iieait. 

Symptoms and Diagnosis; Weakness coming on after the accident 
is the commonest symptom of cardiac txiniusion When iJie contusion 
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IS produced experimentally there is i fall in arternl pressure but as a 
rule the fall in pressure is of transient duration In tJie less set ere cises 
of contusion the r\eakness is momentary The patient extricates himself 
from the t\reck sits doun for a rvlule and is then on his r\ay In cases 
of sesere contusion the circulatory shock can be extreme The patient 
may be unconscious the arterial pressure lour and the skin cold and 
clammy Restlessness and air hunger may be present Tachycardia is the 
rule but bradycardia is sometimes present Hemorrhage in the region of 
the bundle of His produces heart block 

The heart sounds are distant and resemble tlie ucking of a Match 
Auricular fibrillation if it appears is usually transient but it can be 
permanent and disabling Pericardial discomfort or pain is almost alnays 
present It may be m the epigastrium or it may radiate into either arm 
Vomiting sometimes occurs The pain as a nile occurs immediately 
after the accident but it can occur after a latent period It can grotv 
Morse o^er a period of days or tveeks folloning the accident It ^a^es 
from a discomfort or ache to a sharp anginal pun 

The electrocardiogram shows alterations from the normal The Q R S 
complex shows slurring and notching Deep Q iva\es large T wa\es high 
take-off of T and inversion of T were frequently encountered in cxpen 
mental studies In our experiments those deviations from normal usuiHy 
disappeared in the course of four to six vveeks The electrocardiographic 
clianges that are due to heinoirlnge disappear after the blood is absorbed 
Those that are due to destruction of muscle are permanent 

The diagnosis of cardiac contusion not infrequently becomes a prob- 
lem of patient versus insurance company Some of these problems are 
extremely difficult to settle For example a man is throwm out of his 
seat in a tram accident and smkes his chest against a seal He dies a few 
hours later and coronary sclerosis is found at autopsy examination 
A woman who never had signs or symptoms of heart trouble is throvsm 
from the seat in a car accident The lumbar muscles are bruised but she 
does not know whether or not she struck her chest Auricular fibrillation 
develops immediately after the accident Later an embolus lodges in a 
femoral artery and the leg must be amputated Did this patient sustain 
an injury to the heart producing auricular fibrillation or did the injury 
accentuate a cardiac lesion that was present but had not manifested itself 
or was the injury entirely incidentaP 
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Follo^v mg IS a bnef summary of a case of cardiac contusion 

A deluer) man for a bakery 25 years of age ran liis trucl; into an 
automobile and demolished the front end of his truck His clicst isas 
tliroivn forw-ard against the steering wheel He transferred his load of 
bakery goods into another truck and proceeded uith the delnery He 
iiorked the folloiMng day and experienced some upper abdominal pain 
On the second day following die accident he experienced weakness and 
shortness of breath He continued to work but on the fourth day con 



ticuTtc I” Steering ishecl acadent produced ardiac a>mus on mural thrombus pulmonary 
embolus bemopl}-s s and death (This w a draw ng of ll romh is m the right sentr eje ) 

suited a physician At that time he had dyspnea on exertion pain in 
the cliest and a pulse rate of 120 per minute Slight discoloration of the 
skm was found oscr the left sc\enih costal cartilige On the eighth day 
following the accident he ssorked H hours but with great difGaihs 
The next day he ssas unable to ssork His symptoms ssere weakness 
dyspnea pam in the chest and pain down the riglit arm He again con 
suited Ills plnsjcian He was in bed at home for se\cn days and in a 
hospital for ten days He stalked home and had to stop scseral times 
because of dyspnea and steakness Blood stained sputum appeared The 
heart dilated and signs of failure appeared He died 85 dais after the 
accident Miinl Uirombi ssere found in die right scntncle and m the 
left senincle (Fig 12) Pulmonary emboli ssere found and these most 
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probabl) originaietl from the mural thrombus in ilie riglu semricle. The 
se%enth costal cartilage was broken The heart wall direct!) beneath this 
cartilage had the thrombi The acadent sustained b) this patient was a 
steering wheel injur) which produced m)Ocardial contusion, cartliac 
weakness, d)spnea and pain, mural thrombi, pufmonar) emboh, cardiac 
failure and death 

Treatment: Tlie s)mploms can be transient and recoscr) rnjiid 
Weakness and tach)cardia ma) require rest in bed. I have observed tlic 
ventricles go from a rapid ventricular tachycardia to ventricular fibrilla- 
tion followang coniusive trauma. If qninidine can prevent the develop- 
ment of ventricular fibrillation its use is indicated. 0 \.)gcn is indicated 
in the presence of d)spnea and c)anosis Morphine and other sedatives 
should be used to induce rest and quiet. 

Softening of the bruised muscle takes place esjieciall) in the second 
week and there is a danger of rupture of Uie heart. E-Xcriion is to be 
avoided. Straining at the stool, coughing, etc , arc to be avoided. Surgical 
intervention is indicated if rupture occurs It seems that operation might 
have been feasible in some of the paiicms in whom deaili occurred from 
lupture. In some of these instances, the bruised area was not so extensive 
but that sutures could have been placed to close the opening in ventricle 
or auricle. A graft of fascia lata or jparieial pericardium can be placed 
upon the contusion to prevent rupture and the formation of an aneurysm 
of the heart. Up to the present time this operation has not been done on 
ilie human heart have rcp.iired by suture rupture of tJic heart pro 
duced experimentally and we have reinforced the heart wall by free graft* 
Perhaps these procedures can be applied to the human heart. The opjKir- 
tunity to do this operation is fleeting, but there are instances in which 
tlvece 11 lufTiacnt time to do die opetatioru 

HEMOPERICARDIUM 

Hemorrhage into the pericardial cavity occurs in the following con 
diiions Penetrating wounds of the heart and intrapcricardial segment' 
of the great vessels, contusion of tJic heart without rupture of the heart, 
contusion of the heart vMth rupture. s|K)maneous rupture of an auricle 
or ventricle, rupture of a myocardial infarct, rupture of an aneurysm of 
a ventricle, rnptnre of the Iwse of a sclcioiic .aorm. tnninr of the heart, 
scurvy, the hemorrh.igic diatheses, ilieiim.itii fevei. 
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The hemorrhage cm occur rapidl) or slowly It can be constant until 
death occurs or it can stop It can recur If die bleeding is slow oi inter 
niittent a large quantity of fluid can be contained in the pericardial cant) 
because the pericardium stretches in response to the continued low giade 
piessure within 

The clinical ngns and symptoms produced by an accumulation of 
blood or bloody fluid m the pericardial ca\ity \ary with the rapidity of 
us formation Usually the signs of actite cardiac compression are pro 
duced but sloiv and mteimment bleeding can pioduce the symptoms 
of chronic cardiac compression 

Tlie diagnosis of hemopencarduim is obvious m many instances If 
the nature of the fluid is obscure remo\al of fluid by aspiration is carried 
out The tliin bloody exudates are treated by aspiration rather than by 
operation 

The proper trcatineiU requires nice judgment Repeated episodes of 
lileeding from the right auricle look place in a case reported by Clowe 
Kellert and Gorlnni There was no lustoiy of tiauma in this patient 
Exploration and suture of the auricle was indicated in this condition in 
much the same way as in a penetrating ivound of the heart that emus 
blood Mansell Moullin in a timely operation remosed a blood clot 
from the pericardial caiaiy in a boy who receued a nonpenetnung car 
diac injury in a Rugby game We should not be loo consenaiue in 
performing operation for purposes of exploration Sauerbruch operating 
fur a condition that be thought was a mediastinal cyst opened into an 
aneurysm tliat came off the right leiitricle The thin walled sac could 
not be closed because the sutures tore out He then inserted two fingers 
into the structure and plugged the communication avith the acnincular 
canty Excision of the sac and closure of Uie \entncle were siiccessfuIJs 
nccomplished PURULENT PERICARDITIS 

Purulent pericarditis should be suspected in any patient who sliows 
signs of either acute or chronic compression of the heart in the presence 
of infection It can occur as a complication or as a sequel to pneumonia 
osieomyehiis empyema of the thorax throat infections cholecystitis 
appendicitis peritonitis etc The infection can be introduced through 
a penetrating wound in the chest It can be introduced i\ith a foreign 
body like a fish bone or a needle fiom the esophagus (Fig ly) fn some 
jnstantes ihe infection is blooil borne 
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enlarged Ii ,s chronic in that rl,p i.L 

in llie scrotum and ankles Emmem ’’ '/ n prawt 

abscesses dcseloped Improsemem folios ed"! 
and the pattern ssas dtsLotrf fr'l ,r f l>n.H 

liier became smaller ” 25. I93r n 

dence of tnfeetton normal and there ssas no eii 

He shossetPsli;,ht esid'en'ce o'f'ih'ron^'^'*™"”* ‘° >>'«pi>al for stnJs 

senotis Side of the cirndauni. rampression of the heart. On tk 

siibciitanemts edema 3 seiies''*^*r * *1 '"^I'^nstations of stasis— 

Csanosis enlaigcnient of the /I™” olfusion, each of slight iltjrtt 
rbsent On the arterial side ™'“'K'n'Cnt of the liier tim 

and a tliastohc pressure of ooll"!', """ of merctin 

nonnal """ "f The heart smmtl. ncre 

pressure rsas 78 mm of'mV*^***^'^* readmitted for stud) The arttnrl 
The senous presZe tsas IsT 

'light edema of the aiif h. ° ‘’'Si'll' “ilatjeil 

The cardiopericardial «he. i pr^eni The jirecordiuin nas <iujcl 

I'lcnnt.ngcompms't L d The hjtcn 

eardrum The dcirrce nf taking place in the scarified pert 

neM SIX months— a condttionTlr’"’" ’"'"'a 'narked during the 

fompresnon triad could r tin>one who is familiar iMth the chronic 

tion nlonc mihout mt ^ tnonient and recognize b) inspec 

H-had (1) aou.ct , 

(2) increased pressure in'ih*^* sho'^n bj inspection of the precordium 
of the enlarged scins m tl ^ sena ca\a as shoun b) ms])cction 

bed m the nails and (S\^ amts and c)anosis of the capiHan 

as shossn by inspection of *1*^*^*^^^^ pressure in the inferior \ciia rasa 
enlarged abilomen All oth ^ *"®**^'^ ankles and suollen scrotum anti 
tliree pnmar) components secondar> to Uicse 

normal before u becomes co '* '*®ase triad As a rule die bean u 
disorder should not nrodiir* Compression being an exennsic 

although It is not adequate t compressed heart is e/fiaent 

and output It docs not Ha« cccjuirements of a normal intake 

I he \ ra>s slioucd a proerc«.il ** tmdergoes atrophs of disuse 

shadow during the precedinir m the si/e of the pericardial 

The electrocardiogram shossed^l^**^ ”^c heart uas not fixed in position 

The diastohc s)siohc excursion slurring of Q R S complex 

distended Pulsus paradoxiK , (Fig 4A) The seins utre 

present The pulse pressure s'as 20 m 
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30 mni of merciir) Ascites %\as piesent The liver vis cnlaiged Subai 
laneous eclemi of anlles ind scrotum vere present 

Operation December 3 I93G The scar was tvo to three millimeters 
m thickness intimatel) adlierent to die heart Sharp dissection vas neces 
sir) to separate it from the heart Separation was carried out over the 
anterior and lateral surfaces and the scar was excised The heart dilated 
after this was done indicating that die compression was corrected The 
child nnde an evcelleni recover) Tlie cyanosis disappeared The venous 



ricLKE 11 Compress on of heart by scar I Before opcruion B Aficr operation 
A complete cure Sec Fig -1 


pressure measured 17 cm Asatts and cvlcma disappeared The liver 
became smaller The diastolic svstohe excursion of the heart improved 
and the pulse pressure increased The dnld is active attends school and 
IS grow ing 
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Pus forms rapidly or slowly Usually it deielops so rapidly that the 
pericardium does not hate time to stretch as it does m the sterile effusions 
or in the tuberculous effusions The clinical picture is that of acute 
cardiac compression but edema ascites and enlargement of the liter 
can appear m a few days and the picture of chronic cardnc compression 
can detelop 

As a rule the patient is acutely ill The circulation is poor the arterial 
pressure is low the hands and feet are cold clammy and cyanotic and 



the patient is toxic from the infection. The presence of purulent pen 
carditis should be suspected in etery patient who has an infection such 
as osteomyelitis or pneumonia and who is not doing so well as he should 
in consideration of die infected lesion Tlie pressure on the heart must 
be released and the pus must be evacuated if the patient s life is to be 
saved This must be done as early as possible 

After the diagnosis of purulent Quid is confirmed by aspiration of 
pus open inasion and drainage are earned out The operation should 
not be any more extensive than necessary The anesthetic of choice is 
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noNocnin Inhalation anesthesia must be carefull) gi\en because the 
patient tolerates poorly any inlialation anesthetic dnig Tlie left fifth 
or Sixth costal cartilage is remosed The pericardium is opened and the 
margin of the pericardial incision is sutured to the skin The pericardial 
cavity can be irrigated with avarm physiologic solution of sodium chloride 
Antiseptic chemicals especially Dakin s solution should never be used 
The pericardium cannot tolerate antiseptic solutions Rubber tubes and 
drainage materials should not be placed in the pericardial cavity because 
of the possibility of erosion of a vessel Occasionally a pocket of pus 
foims but m my experience the cavity becomes obliterated without 
abscess formation and the wound heals 

\ boy aged six years was admitted to t!ie Umveisity Hospitals July 
28 1935 i\ith fever sore Uiroat labored respiration and substernal pain 
His illness began six days before admission vvith sore throat and stiffness 
of the neck The cervical lymph no<les on one side became enlarged 
Two days later pain on breathing apjieared beneath the sternum and 
respiration became shallow and labored The temperature ivas elevated 
The lungs were clear Upon admission to the hospital the patient was 
acutely ill He was dyspneic and cyanotic The extremiiies were cold The 
pharynx was slightly injected The precordium was quiet and did not 
show any pulsation The heart sounds were <hstant and could not be clearly 
distinguished There were no murmurs The area of cardiopencardial 
dullness was increased The liver was tender and slightly enlarged The 
pulse rate was 120 to 130 per minute The pulse was thready and irregu 
lar Respiration rate was 42 per miiiuie The systolic pressure was 86 
mm of mercury The electrocardiogram showed slurring of QRS in all 
leads with deep S in Lead 1 T was upright m all leads and the S T take 
off was elevated in all leads 

An aspirating needle was inscrtetl into Uie pericardial cavitv and 
100 cc of greenish yellow thin pus containing type four pneumococcus 
was removed The circulation inimediatel} unproved after this fluid was 
withdrawn but the improvement was temporary Aspiration was repeated 
on the following day with beneficial result but the improvement was 
again temporary Operation was earned out Light nitrous oxide anes 
thesia was used The left fifth costal cartilage was removed The internal 
mammary vessels were ligated above and below The pericardium was 
incised Fluid spurted about 20 cm from the wound Three hundred 
cubic centimeters of pus were removed The heart vvas covered by fibrin 
The pericardium was sutured to the skin Marked improvement in the 
condition followed The following quotation was taken from my opera 
tivc note — This cliild represents a type of cardiac compression wlncli is 

2 IV 
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intermediate between the acute and chronic stages It is acute m that 
the arterial circulation is markedly impaired and the veins are not 
enlarged It is clironic in that the liver is enlarged and edema is present 
in the scrotum and ankles Empyema of the left cliest and subcutaneous 
abscesses developed Improvement followed drainage All wounds healed 
and the patient wras disdiaigcd from the hospital October 26 1955 The 
liver became smaller The temperature v\as normal and there was no e\i 
dence of infection 

January 8 1936 the child was readmitted to the hospital for study 
He showed slight evidence of chronic compression of the heart On the 
venous side of the circulation vxere the following manifestations of stasis — 
subcutaneous edema asates pleural effusion each of slight d^ree 
Cvanosis enlargement of the veins and enlargement of the liver vvcrc 
absent On the arterial side vvas a svstohe pressure of 85 mm of mercury 
and a diastolic pressure of 50 mm of mercun The heart sounds were 
normal 

On June II 1936 the patient was readmitted for study The arterial 
pressure was 78 mm of mercury systolic and 60 mm of mercury diastolic 
The venous pressure v\as 15 an of vvaier The liver was slightly enlarged 
Slight edema of the ankles was present The precordium was quiet 
The cardiopencardial shadow was becoming smaller The heart was 
becoming compressed by the contracture taking place in the scarified pen 
cardium The degree of compression became more marked during the 
ne\t si\ months — a condition that anyone who is familiar VMlh the chronic 
compression triad could recognize in a moment and recognize by inspec 
tion alone vvithout anv of the special tests (Fig 14 A) 

He had (1) a quiet heart as shown bv inspection of the precordium 
(2) increased pressure in the superior vena cava as shown by insjx.ction 
of the enlarged veins in the neck and amis and cyanosis of the capillan 
bed in the nails -and (3) increased pressure in the inferior vena cava 
as shown by inspection of the swollen ankles and swollen scrotum and 
enlarged abdomen All other manifestations vs ere secondary to these 
three pnmarv components of this disease triad As a rule, the heart is 
normal before it becomes compressed Compression being an extrinsic 
disorder should not produce muranirs The compressed heart is efficient 
although It is not adequate to meet the requirements of a normal intake 
and output It tiocs not waste cnezg) It iimlcrgncs atrophv of disust 
The X rays showed a progressive diminution in the size of the pericardia! 
shadow during the preceding year The heart was not fixed in position 
The electrocardiogram showed low voltage ami slurring of Q R S complex 
The diastolic svstolic exairsiOTi was reduced (Fig 4 A) The veins were 
<listendc<l Pulsus pnndoxus was present Tlic pulse pressure was 20 lo 
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30 mm o£ merair) \scites \> as present The li\er was enhrged Suheu 
taneous edema of angles and scrotum svere present 

Operatjon December 3 1936 The scar was two to tliree millimeters 
in thickness iniimatel) adherent to the lieart Sharp dissection was neces 
sarj to separate it from the heart Separation was carried out o\er the 
anterior and lateral surfaces and tiit scar was excised The heart dilated 
after this s as done indicating that the compression ivas corrected TJic 
ciiild made an excellent recoser^ The cyanosis disappeared The senous 



FiruRr H Compres on of heart by scor A Before opcrsl on B \tier operat o i 
A con pJeic o re See F g 4 

pressure measured 17 cm Asaies and ctlenia disappeared The h\er 
became smallei The diastolic sjstolic tvcursion of the heart improseil 
and the pulse pressure mcreasctl The child is acme attends school and 
IS j,rowing 

CARDIAC COMPRESSION DUE TO SCARS 
Etiology The compression scars are alwajs extrinsic in origin Thes 
neser develop as a sequel or complidtitm of in intrinsic lesion Thc\ 
neser originate from rheumatic heart disease The infection finds en 
trance into the pericardium from die pharynx lungs pleura or medi 
asitnum Howeser Dakin s solution and other chemical irntnnts applied 
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IQ tJie normal pencardmm of animals result in scars that later undergo 
contracture and produce compression of the heart In my series of 
operated cases seien showed e\idence of tuberculosis m the scars and 
30 did not show etidence of tuberculosis in the scar removed at opera 
tion Two of this group of 30 patients however had tuberculosis else 
where without showing tubercles in the scar 

Diagnosis The author s tnid mates the diagnosis of ciironic cardiac 
compression simple and infallible (Fig 3) Usually the diagnosis can 
be made by inspection alone The ascites is apparent the distention o[ 
the venous system is apparent and the quiet precordiuin is readily 
observed Our understanding of cardiac compression has been greatly 
simplified by placing proper emphasis upon the compression and by 
eliminating the old terminology of adhesive pericarditis Picks disease 
mediastmopencarditis and constrictive pericarditis together vMth the 
implication that the heart undergoes dilatation hypertrophy and failure 
because it pulls upon adhesions That the compressed heart is entirely 
free from these assumed disturbances even though adhesions are every 
where present has been demonstrated beyond any reasonable doubt 
Differential diagnosis as a rule is not a problem Obstructions else- 
where at the tricuspid valve at the pulmonic valve at the pulmonary 
artery at the mitral valve at die aortic valve and the aorta have chanc 
tensucs that make the localization of the obstruction at these sites possi 
ble I have seen several patients vviih the obstruction in the pulmonary 
bed due to chronic pulmonary infection and fibrosis with narrovMng of 
the smaller vessels m the pulmonary bed These patients showed the 
signs of stasis in each vena cava with ascites and cy'anosis but the heart 
made a normal diastolic systolic excursion In the absence of a quiet 
heart the diagnosis of compression v\'as not made and the fibroiic appear 
ance of the lungs placed the obstruction m the lungs 

Compression of the heart due to scar is to be differentiated from com 
pression due to other agents such as fluid in the pericardial ca\uy blood 
exudate transudate or a neoplasm The size and contour of the \ ray 
shadow helps here If fluid is suspected aspiration might be carried out 
before operation is done In several of my patients the compression vas 
due to a combination of fluid and scar 

The compressed heart is always small The small atrophic condition 
of the heart may or may not be suggested by the x ray shadow Scars vary 
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from one to about ten millimeters in thickness and a thick scar can give 
the atrophic heart the appearance of being cither normal or enlarged. 

Operation for Removal of Compression Scars: The patient should 
be free of fever before resection of the compression scar is carried out. 
Patients with tuberculous scars may require months of medical treatment 
before the fever subsides. In some cases fever svill not subside even after 
tlie patient has been placed on a medical regimen. The patient may 
become progressive!)' t»’orse so that operation must be done in the presence 
of infection. "Whenever possible it is advisable to wait until the infection 
becomes quiescent. Dehydration should be carried out before operation. 
Repeated tapping of chest and abdomen may be necessary’. Diuretics 
are used. 

Quinidine is given to reduce the irritability of the heart. A test dose 
of tliree grains is given in the afternoon before operation, and if the 
patient shows no untoward reaction fi\e grains are given that night and 
five grains die next morning before operation. Glucose and orange juice 
are given to tlie patient several hours before operation. Atropine and a 
small quantity of morphine are given as preanesiheiic drugs. Sedatives 
are used with precaution. Avertin should not be used. It can paraly 7 e 
the respirator)’ center in these conditions. 

I prefer light anestliesia and use nitrous oxide, oxygen and ether. 
Deep anesthesia is contraindicated. I use a semireaimbent position, the 
patient reclining at an angle of .15 degrees. Respiration is better in this 
position than in the horizontal position. An intratracheal lube is not 
used. Positive pressure insufRaiion should be available, but care should 
be taken not to inflate the lungs forcibly. If the lungs are forcibly inflated, 
the pulmonary resistance is increased and an added burden is placed 
upon the right ventricle— a burden svhich can result in right xentricular 
dilatation and ventricular fibrillation. 

The incision is usually made on the left of the sternum. In excep- 
tional cases, the incision is made on the right side of the sternum. These 
exceptional cases have compression of the right side of the heart with the 
left side free. I use a transverse incision over the fourth interspace or 
below the left breast. The pectoral muscle is exposed and is cut across 
its fibers to expose the left third, fourth and fifth costa! cartilages. These 
are removed. Tlie internal mammary artery and vein are ligated high in 
the -wound. The intercostal bundles and triangularis sterni muscle are 
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cut ind the mcdnstinum is cnteicd The plcunl sinus is disscctetl down 
to the left phrenic nene The sc^r is incised to ns proper depth from 
ipex uelJ up oser tlie Inse uliere the pencirditim comes from ilit 
tp-ent \essels It is then scp^^lctI from the heart and I ciri-j out this 
sepantion on the left side before the right side is done Schmieden smtes 
tint the left sentncle should l>c decomprcssefl btfoit the right scntnclc 
IS dttompressed 

In some cases the separation of scar from tlic heart can be done swth 
blunt dissection In other cases sharp dissection is necessary The separa 
tion should be as cxtcnsise as possible If the separation jxisienorl) c in 
he done safel> h) the finger this is done but care must he taken not to 
tear the m)ocardium null the finger Othennse the heart is left adher 
ent posteriorly The right pleural sums is dissected laterally In doin„ 
this the heart ts rotiewl and rest jienods are giseri ficqucntly The left 
pleural sinus is widely opened to estahhsli internal drain i„c i e from 
the mediastinum into the left plcunl casity The sor is excised is 
widely as possible The intercostal bundles arc sutured The pecioni 
muscle IS sutured Air is remosed from the pleural cavity by suction 
and the wound is closed 

The coronary vessels arc to be avoided Tnction upon the scar can 
pull a corouary artery from its Ited aud tn <h<iccttng the setr from the 
heart muscle it is advisable to cut well towards the scar Pressure wiili 
a finger on a coronary artery can occlude tlic artery which in luni can 
produce ventricular fibrillation Tfic ventricular muscle can be tom bv 
the fingci in dissecting the scar by blunt dissection The auricular wall 
can be easily torn Sometimes the bean reacts from surface siimuh and 
two per cent procaine can make the heart less irritable It can be applied 
to the surface as well as injected intravenously \l llic same time how 
ever procaine reduces the lone of the heart muscle and it should be us«l 
with caution Rotation and angulation of the heart arc jioorly tolerated 
Touching the Iicart produces cxtrasssiolcs Local pressure U|)on aurttics 
and riglit ventricle reduces the capaniv of these rlnmbcrs Rest |)cruKU 
are beneficial 

Postoperative Care The ixatitm is placed in an oxygen tent immcsli 
atcly after operation Sedatives arc given as nubcated rhuds art not 
given by the intravenous mclbotl The compressed heart always dilaics 
after the compression scar has been rtnmvctl In sclccteil rases it might 
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be ndus.Tb}e to redtice the \enous piessure and the dilatation bj blood- 
letting. This is recommended only in those patients with a high degree 
of compression and in whom the heart has become weak and atrophic 
Impro\ement in the circulation is noticeable as soon as the scar is 
removed. As a rule, the heart action is better immediately after resec- 
tion than it is after the first few hours. In cases of seveie compression 
the atrophic heart struggles with its additional ivork for days, weeks or 
months before the w’alerlogging disappeais The heart must get strongei 
and the atrophy must disappear before the heart can perform its full 
quota of woik. Some of my patients showed an early diuresis after opera 
lion, taking place in 48 hours. In some patient all excess fluid was lost 
witliin a w’eek or two. In other patients edema and ascites lecurred after 
a temporary diuresis had taken place As a rule, the patient is ambulatory 
in from four to six weeks 

Results Obtained After Resection of Compression Scars; Analysis 
of liieiature and personal communications show’s that 177 patients with 
compression scars w’ere operaietl upon by 51 surgeons. Of these Beck 
had 37 (1939); Schmieden, 22 (1937); Blalock, 14 (1939). Churchill 
*2 (1936); Tengivall, 7 (1938); Heuer, 7 (1939) > L- Rehn, j (1920). 
De Quervafn, 4 {1934); Sauerbnich, 4 (1925); Boichardt, 4 (1938), 
Lawen, 3 (1928); Volker, 3 (1933); 'WhitiemoTe, 3 {1935). Budisa\l 
jcvic, 3 (1931) • The number of patients listed as cured was 74, or 41.8 
pel tent; as improved, 41, or 23.2 per cent; as not improied, one. 01 
0.5 per cent; as not classified, four, or 2 3 per cent, and as died, 57, or 32.2 
per cent. 

It should be emphasized that the great majority of patients with 
compression scars can be completely cured by operation We should 
expect a cure to take place in e\ei> patient who has an extrinsic scar 
and w’ho does not have active tubeiciilosis elsewhere In a small propor 
lion of patients the atrophy of the heart muscle is so extensive that the 
heart may or may not be able to make the initial adjustment to the 
increased work placed upon ic. 

Of my series of 37 patients operated upon, 25 are completely free of 
ascites and edema and can be classified as cured, three additional patients 
have been operated upon recently and probably will be cured, two 
patients are improved and seven died. Of the two patients improved one 
had invasion of the myocardium by scar and one had reformation of 
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calcium deposits around and in the m>ocardium Of the seven deaths 
three had active tuberculosis in the pleurae and mediastinum one had 
an epicardial scar plus bloodj fluid and died of infection tuo died of 
heart failure from atrophy of the heart and one of ventricular fibrillation 
during operaaon At the present time we are prepared to defibrilhie 
the ventricles at the time of opention 

LIGATION OF THE PATENT DUCTUS ARTERIOSUS 
In 1907 John Munro suggested tint the ductus arteriosus might be 
ligated if It remained patent There appears to be no record of an attempt 
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to perform the operation until 1937 when J \V Stneder recorded an 
unsuccessful attempt to ligate the structure in a patient who had bacterial 
endocarditis The operation has been under consideration by several 
American surgeons and recently John Hubbard selected the first patient 
upon whom the ductus was successfully hgated by Robert Gross IVithin 
the last two years Gross has done nine successful operations These 
admirable accomplishments by Gross have placed the patent ductus 
arteriosus in the domain of surgery DoUcy and his associates have oper 
ated upon 13 patients Touroff recently cured a patient with subacute 
bacterial endocarditis by ligation of the patent ductus arteriosus Addi 
tional cases have been done by Gurd Holman Bigger and Bninn 
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Figure 15 illusuates the stiunt in the circuhtion produced by this 
communication In this condition blood flous from the lorn rvherc the 
pressure is relatively high into the pulmonary artery where the pressure 
IS lower A part of the oxygenated blood m the aorta is leturned to tlie 
Jungs and a shoit circuit is tints set up This sliimting of the blood 
stream is followed by certain complications In the first place the heart 
has increased work placed upon it The left ventricle dilates and 
undeigoes hypertropliy in a manner similar to that seen wlien a fistuh 
connects any large artery and vein as in tlie femoial region or in the 
neck or axilla The right ventricle also works against an increased 
resistance m the pulmonary bed Endocarditis may develop at any time 
m a patient with a patent ductus arteriosus Growth and nutrition can 
be affected by the condition and it would appear that tlie wall of the 
ductus is sometimes thin and may rupture 

Selection of Patients In deciding whetJiei a patient should be 
operated upon wc must consider die risk of the operation and also the 
risk without the operation Experience with the operation is so limned 
that the first question cannot be answeted Doctor Gioss had nine sue 
cessfuJ operations and one death Doctor Smeder Jiad one failure IVc 
had a patient upon whom we considered doing the operation but the 
patient died of bactcnal endocarditis Jn this patient the anatomy was 
such that closure of the fistula seemed to be an impossibility Granted 
that ligation or closure is an impossibility in an unknown proportion of 
the cases we can say tliat exploration to deteimine operability should 
carry a negligible risk 

■What risk does a patient take without operation^ Wc know a patient 
can go along williout any serious trouble from the patent ductus It is 
also known that in some children the closure is delayed but does progress 
slowly to completion Tlie studies by Abbott give us some information 
In a study of 1000 congenital defects she found 92 uncomplicated instances 
of patent ductus arteriosus How long these 9a patients lived and from 
what they died is of iniportance m determining the risk that a patient 
takes with a patent ductus jrtenosiis The oldest was 6G years the 
youngest two weeks and the average was 24 years Quoting Abbott 
under pioper precautions (removal of foci of infection etc.) the sub 
jects of patent ductus may and do live on in full exercise of their aciiv 
ities into advanced middle age To me this statement is more optimistic 
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tlnn the figures uould mdicite The causes of death in this gioup of 
92 patients %\ere listed as follows Sudden iG heart failure ■*4 bronclio 
pneumonia 3 cerebral disease 3 bacterial endocarditis or endarteritis 
21 other causes 16 (this makes a total of 83) 

It s\ould appear then that the cause of death nas related to the patent 
ductus jn about 80 per cent of the patients and that it nas not related 
to the cause of death in onl> 20 per cent of the cases If these pToportwns 
are only approximately correct it would appear that operation is indicated 
in the majority of patients iwth patent ductus arteriosus It is quite im 
possible to foretell in any patient regardless of hoi well the patient is at 
any gnen time whether he will become one of the •’o per cent who will 
not die from the patent ductus and its associated complications The 
operation has two purposes— first exploration and second ligation or clo- 
sure of the communication if feasible The subject deser\es careful con 
sideraiion by the internist and by the surgeon 

The Operative Procedure The operation as performed by Gross 
utilizes a tnnsaerse incision such as I adaocate for the remosTil of com 
pression scars The approach through the chest must be at the lea el of 
the second or third costal cartilage In female patients I would suggest 
that the transaerse incision be placed beneath the left breast where it 
would not be seen The second and third costal cartilages can be remoaed 
or cut across and retracted Gross opens the left pleural caaity for 
exposure of the phrenic nerae and incises the pleura posterior to the 
nerae The aortic arch and the pulmonary artery are exposed and the 
thrill is located Pressure on the ductus by the finger obliteiates the 
thrill 

Gross adaises isolation of the recurrent nerae to preaent injury and 
to locate the communication The ductus is dissected free and an 
aneurysm needle carrying the ligature material is placed around it Trial 
closure of the communication is carried out to determine the reaction 
of the heart If the communication is compensatory to another un 
suspected abnormality that is present the arcuIaUon might become im 
paired to a greater extent aahen Uie ductus is closed than when it is open 

If the heart reacts satisfactorily permanent ligation is done Silk 
undoubtedly is the ligature of choice It should be coarse The ligature 
should not be placed excessively tight because it seems that erosion of 
the aessel is less likely to occur if the ligature just obliterates the Uinien 
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of the \es5el (Hilsted) Double ligation of the \essel earned out 
by Gross jn the last two patients I notild condemn the inieciton of i 
fe^\ drops of some chemical so called sclerosing solution between the 
tuo ligatures as suggested but not used h) Gross An arter) carrying 
blood under pressure should ne\er be subjected to the chemical neciosis 
of such solutions The closure of the wound is as usual 

Results After Ligation In September 1939 Gross reported the 
results in his first four patients All were li\ing The thrill disappeared 
m eacli patient The diastolic pressure rose to normal le\els in each 
patient after operation— a rise of some 30 mm of mercury The 5>siolic 
pressure was norma! before as well as aftei operation Cardiac actisit) 
was reduced to normal the operation and the heart appeared smaller b) 
\ rays in two patients One gained i\ejght and both returned to school 
Some interesting studies in blood flow were made m these patients 
These are quoted from Gross as follows In Cases 3 and 4 samples 
of blood (for oxygen content) were taken during operation from the 
aorta the ductus the mam pulmonars artery and ilic left pulmonary 
before and after ligation of the ductus After determining the patient s 
oxygen consumption it was tlien possible to calculate the \olume of 
blood flowing to die periphery through the ductus and through the 
right and left sides of the heart These studies are reported more fully 
elsewhere but a few of the findings are listed here In Case 3 the pen ph 
eral blood flow was 4 8G liters per minute sshile tlie ductus ssns still open 
and was increased to 6 12 liters per minute after the ductus was ligated 
In Case 4 the peripheral blood flow was 58 liters per minute while the 
ductus was open Concurrent avitii this peupheral flow 188 liters of 
blood per minute passed through the ductus making a total of 24 6 liters 
avhich the left \entricle had to pump per minute in order to maintain 
the peripheral flow at a normal Ie\el Following ligation of the ductus 
the left lentncuhr output was 508 liters per mmiite and this entire 
amount was of couise distiibmed to the penphei-y In short tins heart 
was performing more than four times as much work as was necessata 
while the ductus was open It is at once cudent that libation of the 
ductus greatly increases the cardiac effiuency the increase in e^ficlenc^ 
being dependent upon the size of the ductus which is obliterated (The 
abo\e figures all represent conditions asjth the patients under cycio 
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propane anesthesia and while the figures are somewhat higher than in 
the unanesthetized indi\idual the general relationships are stiJl true) 

More recently Gross has reported on a total of ten patients nine of 
whom went through the operauon successfully and have been greatly 
improved b> ihe operation There was one death from hemorrhage 
Equally good results were obtained by Dolley and his associates in a 
series of 13 patients Touroff operated upon four patients v\ith bacter 
emia In two of these the ductus arteriosus was dim and friable, and 
fatal hemorrhage occurred during operation Successful ligation was car 
ned out xn the other two patients in one of whom the blood stream has 
become free of infection at die tune of writing 17 weeks after operation 
The other continues to have bloodstream infection Gurds case pre 
senied friable structures which tore and which produced a fatal hemor 
rhage at operation Bigger s case was successful in every way One of 
Holman s patients still has a murmur 

THE PRODUCTION OF A COLLATERAL BLOOD 
SUPPLY TO THE HEART 

Expenmental In February *932. tny associates and I began 
an experimental study of v-ascular anastomoses between the coronary 
arterial system and the vessels of grafts placed upon the heart The tissues 
aiailable for grafting upon the heart consist of parietal pericardium 
mediastinal fat skeletal muscle from the chest wall and various structures 
such as omentum spleen etc brought up through an opening in die 
diaphragm The epicardium was removed to establish satisfactory contact 
between graft and coronary vessels Occlusion of the major coronarv 
arteries was produced in various ways In the early experiments silver 
bands were placed upon the arteries and these were squeezed together 
at successive operations Later special clamps were devised to produce 
occlusion of a coronary artery and at the present tirrc my assistant 
Dr K. R Phelps has devised a clamp that brings about occlusion of an 
artery by means of osmotic pressure Tins clamp should be of consider 
able value to the experimental studies 

Briefly stated the experimental studies demonstrated two major 
points One consisted of the demonstration of vascular channels between 
graft and heart In some experiments these anastomoses appeared to be 
large enough to carry considerable blood We do not know how much 
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blood these anastomoses carried and indeed we cannot be certain con- 
cerning the direction of flow, whether it is into or away from tlie heart. 
The otlier point brought out by the experimental study concerns the dis- 
tribution of blood in the myocatdium. 

Under normal conditions eadi of the major coronary arteries can be 
considered practically as an end artery. If the descending ramus of the 
left coronary artery is disided, only .a few drops of blood per minute will 
flow from the distal end of the artery These few drops of blood come 
from anastomoses with the circumflex and right coronary arteries and 
they are of little or no significance for carrying blood. However, if the 
descending ramus of the left coronary' artery' is occluded gradually, these 
intercoronary communications become important channels for carrying 
blood In the presence of coronary sclerosis they are of great importance. 
Indeed, the preser%’ation of the heartbeat frequently depends upon inter 
coronary communications The degree to which these \essels open up is 
variable and without doubt this x'ariability determines at least in part 
whether a good or a poor adjustment is made to coronary closure 

We are of the opinion that the intercoronary communications can 
be influenced by inflammatory reactions on the surface of the heart. 
In our patients with coronary disease upon whom we operated, removing 
the epicardium and placing grafts upon the myocardium, clinical im 
prosement was frequently noted within a few' days after operation The 
improsement could not be explained on the basts of extracoronarv 
channels because it was too early for these to develop We can put forth 
the supposition that the reaction following operation resulted in opening 
up intercoronary communications. 

Vascularized Grafts for Coronary Artery Sclerosis: Thirty patients 
with coronary artery sclerosis w'ere selected by Dr Harold Fed and oper- 
ated upon by me. The selection of the patients is of no importance to 
us at the present stage of development of this work. The operative 
technic is of little or no importance to us here The mortality is of no 
significance at the present stage of development The matter of impor 
tance is whetlier vascular communications numerous enough and large 
enough to carry a significant quantity of blood can be produced by any 
operative method on any patient. The laic Laurence O’Shauglmessv 
operated upon patients using omentum for the graft, and Lockwood has 
used pectoral muscle, mediastinal fat and parietal pericardium. 
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Results of the Beck Operation: Vaiious clinical measurements were 
made befoie and after operation. It appeared that the results of the 
operation were beneficial. In some patients the improvement was slight 
or absent but in others it was definite with reduction in pain and an 
increase in activity. More important information concerning the result 
of the operation will come from a study of the heart and grafts after the 
patient dies. So far we have had three specimens for study. One of 
these was from a patient who had a good clinical result. When the cor- 
onary arteries were injected with a solution of barium, tlie solution 
slowly dripped from the grafts and a number of anastomoses were found 
between heart and grafts. However, we desire to demonstrate better 
anastomoses before we can accept the operation as the procedure to be 
done for coronary artery sclerosis. 

Vascular Anastomoses Produced by Chemical Agents: Recently 
Heinbecker introduced chemical agents into the pericardial civity for 
the purpose of producing an inOammatory reaction between heart and 
parietal pericardium. He made injection studies and demonstrated anas- 
tomoses between pericardium and heart. He reported favorably concern- 
ing the results of his experiments and suggested application of this 
method to patients wiili coronary sclerosis. 

Ligation of Coronary Veins for Coronary Sclerosis; There is clin- 
ical and experimental evidence to support the idea that ^\hen a major 
artery is ligated the corresponding vein also should be ligated. For 
example, if the femoral artery is severed so that it must be ligated, the 
surgeon should ligate the femoral vein also. Tliis practice was adopted 
in the last world war. 

Gross, Blum and Silverman carried out experiments on the coronary’ 
vessels to determine the effect of ligation of the coronary sinus. In these 
experiments the coronary sinus was occluded and then the descending 
ramus of the left coronary artery' was occluded. These authors claimed 
that the mortality was not altered by the ligation of the sinus but the 
infarct \vas definitely smaller after sinus ligation. These authors hoped 
to apply this procedure of sinus ligation to the human heart in order to 
increase the vascular tree. 

Gregg and Dewald carried out physiological studies on tins subject 
and concluded that venous sinus ligation had little or nothing to recom- 
mend it. Fauteux of Montreal has done some experiments with favorable 



SURGER\ Ot THE HEART AND PERICARDIUM 1181 

results ’ind recently ligned the inagni cordis \ein an a patient ivith 
coronary artery disease Dr A E Mako and I ha\e carried out over lOo 
experiments in tvhich the vein and artery were ligated and we found 
that the ligation of vein has a slightly beneficial effect in reducing mor 
tality and a questionable effect in reducing the size of the infarct What 
ever beneficial effect is piothiced by vein ligation in the heart is not very 
great We arc doubtful concerning ihe value of applying coronary vein 
ligation in tlie treatment of coronary artery sclerosis 

RESUSCITATION OF HEART FROM STANDSTILL AND 
FROM VENTRICULAR FIBRILLATION 
\\ hen the pumping action of die heart ceases and the aiterial pressure 
disappeirs the ventricles either come to a complete standstill or go into 
fibrillary iwitclungs before every vestige of movement leaves the organ 
Cither ventricular standstill or vemncular fibnlhlion is found in the 
heart when death overtakes the body Restontion of the heartbeat has 
been accomplished with the Iieau in standstill but with two exceptions 
restoration of the coordinated beat has not been possible with the ven 
tntles fibnllating 

A method is now available to defibrillate the ventricles I hav e applied 
It successfully to two patients and iliese two experiences are perhaps the 
first of tfieir kind to be recorded Re^tontion of the heartbeat is possible 
only in patients wlio possess a good heart who are not the victims of 
disease and who die suddenly and unexpectedly in the operating room 
The tragedy occurs in the operating room where the equipment for 
immediate action is available If it occurs outside the operating room 
success IS scarcely possible These requirements reduce the possibilities 
to aboiti tuo to four patients ? fe7r for otif }irge hospitai 

First Stage in Resuscitation Tins stage conceins the preservation 
of the brain and nervous system The brain and nervous system remain 
viable from three to five minutes after the circulation ceases If oxygen 
IS not gotten to die brain within this brief period of time nervous system 
responses are lost and ev entually the heartbeat after hav mg been rcsioretl 
successfully, is also lost Oxygenation is carried out by the anesthetist and 
by the surgeon wlio are with the patient when the circulation stops 
Tlie anesthetist must deliver air or oxygen into the lungs This is 
done most effectively by a special mechanical respirator which should be 
available in the operating room The Drinker apparatus is not satisfar 
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tory for tius purpose At the same time the o\>gcnated blood must be 
made to mo\e to the brain This is accomplished b) the surgeon cutting 
through die fourth left interspace opening the pericardium and massig 
mg the heart The blood pressure can be laised to Go mm of mercury 
by manual massage of the heart 

Second Stage in Resuscitation This stage concerns the restoration 
of the coordinated heartbeat The heartbeat can be restored at almost 
any time provided the first stage is properly conducted We ln\e revned 
dogs hearts after the lapse of an hour or even longer Revit'al from 
standstill requires no special training Frequently the heart starts up from 
the massage Sometimes one or two aibic centimeters of epinephrine 
diluted m saline are necessary It can be injected into the easily of tlie 
right xentride 

Defibnilation of the seniricles requires speaal training The heart 
IS as ell oxygenated so that it has a pink color Tsso cubic centimeters of 
fise per cent procaine are injected into ilie easily of the right seiuncle 
Massage carries die drug into the coronary bed Tuo elearodes of large 
size are placed on the heart and an alternating current of i 5 amperes is 
sent through the heart The fibnllauon ceases with the shock and tlie 
heart is m standstill Sometimes it starts beating from standstill but if 
the heart muscle has lost its irritability and tonicity it remains motion 
less Epinephrine or calcium chloride smI| restore these properties The 
coordinated beat inuU return 

OPERATIONS ON CARDIAC VALVES 

Considerable a\ork has been done on tlie surgery of cardiac aailves 
Stenosis of the mitral aahe stenosis of the pulmonic \ahe and stenosis 
of the aortic aaUe ha\e been operated upon for the purpose of decreasing 
the degree of stenosis e\en though a leak is thereby produced Ten 
attempts on the mitral aaUe were earned out— seien by Cutler one by 
Allen and Graham one by Souttar and one by Pribram Doyen inserted 
a knife into the right >entricle for the purpose of cutting a stenosis of 
the pulmonary \aUe The patient died a fen hours after the operation 
and at necropsy there nas found a congenital mrrouing of the conus 
'irienosiis and perforation of the imer\entncular septum 

Griffin tried to dilate 1 stenotic aortic sihe by inserting a finger 
through the imaginated nail of the aorta Special instruments lia\e been 
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devised to cut stenotic \alves Attempts ha\e been made to produce 
stenosis of the mitral v-ahes experimentally Physiologic studies have 
been earned out to determine whether the circulation uns improted by 
operation I shall not attempt to present the data on the stenotic mitral 
\al\e My belief is tliat little of practical benefit has come out of the 
uorE None of the operations bate been established as acceptable proce 
dures and the expenmeiital 'uork does not give any strong support for 
the operation Technically, any of the operations arc feasible A mitral 
vah e or any valve can be cut in so far as iJje procedure itself is concerned, 
but the changes in the circulation tliereby produced are not definitely 
beneficial 
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RELIEF OF PAIN IN ANGINA PECTORIS BV 
PARAVERTEBRAL SYMPATHETIC BLOCK 
WITH ALCOHOL 

By Francis C. Grant, M,D. 

The problem of the relief of the pain of angina pectoris has for a 
long time engaged the attention of the medical profession. However, the 
surgeon ivas not involved in its solution until Joritiesco.J basing his sur- 
gical procedure upon the experiments of Francois Franck,2 sectioned the 
stellate ganglia and cervical sympathetic chain bilaterally in the neck and 
reported that the pain was completely relieved. But the inability of other 
surgeons to confirm these findings resulted in much discussion and 
research upon the sensory pathways leading from the heart. 

ANATOMY AND PHYSIOLOGY 

The sympathetic nervous system carries sensory impulses fiom and 
motor impulses to the heart. Intensive research has been performed to 
determine precisely ivliat components of the thoracicocervical sympathetic 
system contain the sensory afferent fibers so that interruption of the min- 
imal number of pain pathways produced the maximum amount of relief 
of the angina. A short leview of the more recently acquired knowledge 
concerning tlie anatomy and physiology of the sensory pathways from 
the heart is necessary. 

The presence of typical somatic afferent jxiihways in the sympathetic 
cardiac ner\’es seems clearly proven. Raiison and Billingsleys and Stohr-» 
liave described the histology of these fibers. HeinbeckerS bas confirmed 
these findings and shown further by the use of the cathode ray oscillo- 
graph that their conduction properties coincide exactly with those of the 
afferent fibers in the ordinary sensory nerves. In fact, in the strict sense 
these fibers are not of autonomic origin but are somatic fibers caught up 
in the sympathetic chain to carry afferent impulses fiom tlie heart to the 
sensory pathways in the spinal cord. 
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Stohri lias demonstrated sensor> ner\e endings m tlic heart muscle 
endocardium and epicardium and in the adventitia of the coromr) 
arter> identical i\ith tliose found in the heart and aorta The sensor) 
pathua)s from these endings pass along the periarterial plc\us of the 
coronar) arteries to the superficial and deep cardiac plexuses reaching 
the cervical ganglia of the s)mpathetic chain over the middle and inferior 
cardiac nerves Since white rami connecting the cervical s)mpathctic 
chain and the spinal cord are lacking the vast nnjorit) of these sensor) 
libers must pass down the chain to the upper dioracic ganglia finall) 
leacliing their cells in the spinal ganglia through the white laim com 
mimicantes of the first thoraac and upper four or five intercostal nerves 
The presence of these cervical cardiac nerves is well establislicd How 
ever BraueckerO and Ionesco and EnachescoT have demonstrated the 
presence of thoracic cardiac nerves running dircctl) across the postciior 
mediastinum to the upper four or five thoracic sympathetic ganglia 
Somatic afferent fibers are present in all these nerves Appircntl) there 
fore the upper four or five thoracic s)mpathetic ganglia receive all the 
sensor) patliwa)s passing from the heart towards the spinal cord 

BLOCKING OF SENSORY PATHWAYS 
The problem now arises as to the evidence at hand concerning the 
safest and most effective wa) in which these sensor) pathwa)s can he 
blocked to cut off pain impulses from the heart Sutton and Lucth^ 
showed by teraporartl) constricting the descending branch of the left 
coronar) arter) in dogs that the cliaractenstic signs of cardiac pam could 
be produced Relief of the constriction resulted in rapid disapjicarancc 
of the pain Using this methotl AVhile Atkins and Garre)^ have shown 
that the cardiac pain tlius produced could onl) be prevented from reach 
ing the brain b) bilateral excision of the stellate and the upj>cr four 
thoracic ganglia or b) resection of the upper five pairs of thoracjc pos 
tenor roots These results confinned the earlier work of Spiegel 

It IS not our province to discuss here the surgical procedures used to 
relieve pam m angina Resection of tlie upper four or five thoracic s)m 
pathetic ganglia of the upper four or five thoraac iiosterior roots stellate 
ganghoiiectomv complete th)roidcctom) or the attempt to develop a 
collateral circulation b) the production of a new blood supj)I) to the 
heart b) grafting tissues into the m)ocardium arc all major surgical pio 
ccdurcs To subject a patient whose cardiac muscle is alread) weakened 
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Figure 1 Diagrammatic reprcsenution of the canhcxensory piihwavs These are 
true sojnanc alTerent nerves the ganglia oE Vvhich lie in the posterior spinal root ganglia 
No sensory fibers pass through the supenor cervical sympathetic ganglion Note that all 
sensory fibers from the heart pass lluwogh the upper five thoracic sympathetic ganglia 
and enter the cord through the corresponding posterior spinal roots (Oclisncr and 
DcBaVcy Surgery) 
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b> 1 reduction in us blood suppl> to the ndded sinjji of i se\erc open 
tion dermnds the most cireful considemtion 

Mindl 11 Brunnis ind Sueiloul^ Inie slioued tint i jnra\ertebril 
block of the upper thoncic ganglia uiih iltoljol would reliete the pain 
in angina pectoris Mixtcr and White i-* White i*" Le\> and MooreK* 
and MarainiT have confirmed these observations Oclisnerand DeBakc)is 
have recently reviewed ilie literature and tabulated the results in 68 cases 
m which this procedure has been carrieel out In tins senes alcohol injcc 
tion produced complete or partial relief in 8o 9 per cent faded to relieve 
pain in 176 per cent and restiliefl in one death a morialiiy nte of 
1 5 per cent 

Tlie indication for paravertebral block is intolerable pam from severe 
cardiac disease I ess acute pain from a less threatening heart lesion might 
conceivabl) be subjected to one of the three surgical measures for its 
relief Since these patients are on the verge of catastrophe the relatives 
should be warned that even alcohol block maj result fatallj General 
anesthesia cannot be used for it masks evidence that the needles have 
been accurately placed Careful preinjection medication is necessary to 
prevent psychic shock and dangerous distress during the procedure itself 
Sufficient barbitunics to insure a drowsy patient at the lime of injection 
are indicated 

TECHNIC 

The instruments required arc six rustless steel flexible lumbar punc 
ture needles 10 cm long Bits of rubber tubing for depth markers and 
a metal centimeter rule should be included A 10 cc syringe winch fits 
the needles closely and has a smooth action plunger should he used 
Hypodermic needles one per tent and two per cent procaine hydro 
chlonde without epinephrine 50 cc (i2^{ ounce) of ahsolutc ethyl 
alcohol (CP) five per cent iodine and acriflavine to sterilize and mark 
the points of injection complete the outfit 

According to White m the proper procetiurc for paravertebral iiijee 
non is as follows IIis technic is based upon that described by Uabat f 
The patient should be placed on Ins side on the edge of the bed with 
tlic knees drawn up and tlic head flexetl fonvard The head slioiild he 
supported by a pillow so that the cervical spine is held straight The 
hands should be uncovered and made easy of access so that their com 
paraiiie warmth and dryness mas I>e dcicnnjned It is preferabU to 
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perfoim the injection t\ith the pitient in bed for an> moNement should 
be aioided for an hour following tins procedure to permit the alcohol to 
become fixed in the tissues An) htenl ciiraatiire of the ccr\icnl spine 



Figure 2 Paraienehnl mjiKiioi of ihoraac simp-uhctic gangl a I Uony landmarks for 
jnsmin^ nrellrs (tMuie The Smonom c Nmo k Sysifro The Macmillan Co > 



uhlch nn) change the imtomic relitionships of structures to be injected 
IS to be atoided rurihennorc no one should ittenipi this technic luth 
out ample experience upon cadavers Tlie dissecting or autops) room 
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IS the place to learn tins procedure before any attempt is made to apply 
It to a patient 

The bony landmarks for panaertebnl injection are the spinous 
processes Due to their imbrication like the shingles on a roof the tip 
of each marks the level of the transverse process and the posterior angle 
of the nb next below Thus the highest prominent vertebral spine the 
seventh cervical marks the level of the first rib This relationship holds 
over the entire length of the thoracic vertebrae In thin individuals it 
IS a very simple matter to locate the spines but in the stocky type uliicli 
so often goes with angina pectoris tins may be a difficult matter The 
points of injection are marked 3 to 4 cm lateral to the spinous processes 
Following the use of tincture of iodine acnfiavme applied with a fine 
cotton applicator is an excellent marking medium the two substances 
combine to form a jet black stenie mark 

Needles 8 to 10 cm long are inserted at the points so marked and 
pushed inwards perpendicular to the surface of the back At a depth of 
*» to 5 cm the needles should touch the transverse process or the rib 
It is a great help to liave on each needle a depth maiker consisting of a 
short length of small bore rubber tubing The lower borders of the nbs 
are located and the depili markers pulled out to a distance of 3 cm from 
the skin The needles are then inclined slightly in a caudal direction and 
thrust down beneatli the ribs at an angle of approximately 20 degrees 
towards the midline Under these circumstances bone is usuaHy felt 
again at a depth of 3 cm beneath the nbs evidence that the needle is in 
contact with the lateral aspect of the vertebra or the head of tlic cor 
responding nb The syanpathetic trunk lies at this depth running along 
the anterolateral aspect of the vertebra and looping over the heads of 
the ribs iSovocain injected in this region will diffuse freely through the 
retropleural areolar tissue infiltrating the spinal nerves the communi 
cant sympathetic mni and the ganglionated chain Tlie bony land 
marks and the method of injection vary very little over the whole 
length of the dorsal spine 

I” performing these injections tlie needle should never be attached 
to the syringe Care sliould be tak«i that the tip of a neetlle docs not 
he within the pleural cavity in a blood vessel or m an abnormal out 
ward prolongation of the subarachnoid space Witli the needle touch 
mg bone it is almost impossible for its Up to be in iht pleural cat its 
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Rapid inspiration of a drop of no\ocam placed m the shank of tlie 
needle or the production of a cough reflex on injecting the solution 
indicates that the needle tip Im penetrated through the pleura Aspira 
tion should always be attempted before injection If the needle lies asithm 
a blood vessel or the subarachnoid space aspiration of blood or spinal 
fluid makes these complications obvious None of these possibilities is 
dangerous provided the condition is looked for and recognized and the 
position of the needle changed 

As soon as the needles are inserted in the correct position 2 cc of 
two per cent novocain adrenaline solution should be injected into each 
Following this and depending on the segments infiltrated, tlie chaiac 
teristic signs of intercostal and sympadietic nerve paralysis should appear 
Within a period of 15 minutes In case the upper fom thoracic nerves 
are blocked anesthesia should appear in die axilla a short distance down 
the inner arm and over the third and fourth nbs No skin anesthesia 
develops over the first and second ribs as this region is also innervated 
fay descending branches of the third and fourth cervical nerves No 
anesthesia should develop in the hand but the entire arm side of the 
neck and iiead should become dry and distinct!) iiot In addition to 
tins an accurate injection of the first thoracic ganglion should produce 
a well defined Homers sign After injections in the lower doisal region 
loss of sweating and intercostal nerve anesthesia coincide with the seg 
ments infiltrated 

In case these signs fail to develop the needles should be readjusted 
and an additional cubic centimeter of novocain solution injected into 
each but a total of 3 cc should never be exceeded The reason for this 
IS important Greater amounts of novocain spread so far m the tissues 
that they may produce cbaractensiK signs of s^mpithetic paraljsif 
whereas 5 cc of alcohol subsequently injected will fail to destroy the 
desired rami IVhen 3 cc of novocain fail to produce rapid and cleir<ut 
paralysis it is better to withdraw the needles and try again on another 
day 

"When satisfied that the needles are correctly placed it is best to inject 
2 to 3 cc more novocain into each (one per cent novocain rather than 
two per cent) This supplementary inriUration is to ensure a wide 
spread anesthesia so that the final injection of alcohol will be pain 
less Some writers have advised the injection of alcohol under a general 
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anesthetic, claiming that this axoidspain on injection and prevents dilu- 
tion oE the alcohol, Tliis technic loses the localizing advantages of the 
primar)’ injection of small amounts of novocain. ^Vhen additional novo 
cam IS injected secondarily up to a toul of 5 cc. for each needle, a slow, 
careful injection of the alcohol is rarely painful. The argument that 
dilution of the alcohol prevents effeaive destruction of the nerves docs 
not seem reasonable since 50 per cent alcohol is supposed to jx'ueirate 
tissues better tiian g-j per cent. 

The final injection of 95 per cent alcohol is carrier! out hy instilling 
fj tc very slowly through each needle. It is vrell to test out each ne«Ilc 
again by aspiration to make sure Its lip cannot have moved and pcnc 
trated a blood vessel or a prolongation of the subarachnoid space. If the 
patient complains of any burning pain along the course of an intercosial 
nerve, the injection must be stopped for a feu minutes until the discom- 
fort subsides By taking suHicieni tunc it is usually possible to carry out 
these injections uuh little discomfort to the patient. In order to mark 
the position of ilic atcofiol i/i cc. of lipiodol may he injected througfi the 
highest and lowest needles, TIus minor addition to tlic procedure gives 
a verv exact idea of the position of tlie alcohol at a suhsequent .x-raj 
examination. The needles arc then vv'ithdraun 

Jn order to minimbe diffusion of ibe alcohol it is best jo keep ihe 
jjaiient as quiet as possible for an hour following the injection. He ni.iy 
then be permitted to shift over on his b,ick and liave the bed rest elevated 
to any angle that he desires Most {Kitients can be up in a chair on the 
following day and leave the hospital within 72 hours. 

RESULTS AND SEQUELAE 

Our records contain ,^7 cases in wJiich cervicothoracic paravertebral 
block have been performed Among these arc but seven instances in 
which the procedure was carried through for relief of anginal pain. Four 
of these were completely relieved for 4, 5. 9. and n months. Three of 
these cases succumbed to their cardiac lesions without recurrence of j>ain 
One patient cannot be traced. A fifth case v\as povvibly 50 per cent im 
proved for the two months he lived. In the other two cases, in which the 
procedure vv-as iisctl to stop anginal pain, the g.uiglia could not be suc- 
cessfully injected. Among these 37 casesa Homer's syndrome and increase 
in temperature in the corresponding hand lasting more than six months 
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produced in 21 In seven evidence of s^mp'itlietic block v\as piesent 
for ten di)s to tuo weeks and then disappeared In one case in v\luch the 
injection was performed to relieve causal^ii in the hand and arm a 
faiahi) occuned Three needles had been introduced to block the first 
second and third thoracic sympathetic ganglia Aspiration of the needles 
showed that they were neither in the pleura the subarachnoid space 01 
a vein Tvso cubic centimeters of two per cent novocain had been in 
jected into the needle opposite the seventh cervical vertebral spine As 
1 Horners syndrome appeared the patient complained of respiratory 
difficulty In less than a minute Ins respjiations ceased and could not be 
restored Immediate autopsy showed tint lie had marked emphysemi 
vMtli upward dilatation of the dome of the pleura The needle had ciossed 
the pleural cavity in reaching the sympathetic chain Death was ascribed 
to a pleuro pulmonary leflex My own opinion is tint the needle tij) 
might have slipped deeper as tlic novocain was injected and entered the 
subarachnoid space In this way the novocain reached the medulla and 
caused 1 respiratory collapse I have had referred to me two patients in 
whom alcohol had inadvertently been injected into tlie subarachnoid 
space during this proceduie In one instance a complete transverse lesion 
of the cord resulted iii the otiici marked weakness of die leg and mdd 
sphincter disturbance 

Another unfortunate sequella of this procedure is a persistent neuritic 
pain due to irritation of the first or second thoracic nerves by the alcohol 
Five of our 37 cases complained of this distress although foitinntely it 
disappeared in four to six months In six instances a mild pneumothorax 
in two combined with a slight friction rvili and a slight amount of jileural 
pam was recoided 

I have had occasion to remove the ceivicolhoracic chain in two 
cases who had been injected four and seven montlis previously vsith 
apparent success I could not see that the injection had protluced 
adhesions which made subsequent ganglioneciomy more difficult 

If successful alcohol block of Uie three or four upper thoracic syni 
pathetic ganglia will relieve anginal pain In experienced careful hands 
the procedure is safe About 50 per cent of these patients can be com 
pletely relieved of their pain another 30 per cent benefited In these 
cases major surgery may impose too great a stnm upon an already 
crippled myocardmm Paravertebral svmpaiheiic block wjih alcolioJ 
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should be gi\cn primarj considention as i method for the relief of 
ingiml pun 
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USE OF QUINIDINE IN CARDIAC 
IRREGULARITIES 

By WllXIAAf J k£RR M D 

Introduction Further experience m tiie use of qumidme has shown 
It to fae one of the most \ilinble drugs The first svi\e of popufanty 
was short Used due to tlie unwise selection of cases and to faulty methods 
of administration The drug was tried in a variety of cardiac conditions 
and because of untoward results m a few cases m use was largely aban 
doned or greatly restricted m many clinics The general practitioner Ins 
been reluctant to accept the drug and to acquire the knowledge which 
will assure him of the best lesults when properly chosen for treatment 
largely because of unwarranted fears which have been aroused concern 
ing Its dangers 

During the past ten years several authors have reportetl their end 
resales after some years of experience There is general agte^nent on 
the value of the drug in selected cases ^^etJlods of administration have 
varied slightly The dangers of toxicity have been reduced by a better 
understanding of their cause Fewei accidents have resulted when certain 
contraindications are observed Some authors have limited the use of 
the drug to cases of auricular fibrillation either of paroxysmal type or 
of recent onset Digitalis has been given with quinidinc or as a pre 
liminary treatment before qumidme is begun 

I ACTION OF THE DRUG 

The experimental studies on the action of qumidme and quinine 
compounds were summarized by Boyer* in and by many others 

m the past ten years "When acting directly on tlic heart the frequency 
of beats is diminished without producing irregularities The excitiliility 
of the muscle is reduced by elongation of the refractory period and tlimm 
ishing the number of contractions of the auricles and ventricles The 
action upon contractility is the same for all muscular tissue bringing 

( 1197 ) 
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about a decrease in contiaction. Conduction is prolonged through an 
action on the caidiac muscle and conducting mechanism. The action 
on the extrinsic nertes of the heart is to reduce the excitability of the 
vagus and to paralyze the intracardiac endings. Other actions on the 
heart and extrinsic mechanism are suggested, but experimental evidence 
is conflicting on this point. The vascular actions are also somewhat 
uncertain. There may be some stimulation of the vasoconstrictors in 
small doses, but larger doses may show the opposite effect. Quinidine 
and quinine differ only quantitatively, the former being more active 
m the proportion of about two to one. Auricular fibrillation is brought 
to a termination because the reffactory period is increased at a greater 
rate than conduction time is increased in tlie muscle— a view* which has 
been held by Lewis and others. HaskelUT found experimentally that 
quinidine restored the normal cardiac rhythm after it had been disturbed 
by digitalis and attributed this to the action of the drug on the \agal 
endings and. to a less extent, to a direct Influence on the myocaidiuni 
Gruber and Robtnsoni® found that hearts made to fibrillate by the action 
of papa\erine or morphine w'ere restored by injections of quinidine. 
It has been suggested that quinidine acts in an opposite manner to digi- 
talis Leiine24 showed experimentally in the norm.tl cat that quiniditie 
raised the threshold for the faradtc current necessary to produce ventricu- 
lar fibrillation 

II. INDICATIONS 

The chief indications for the use of quinidine are now* well known. 
The commoner irregularities of rhythm respond favorably. Such arrhyih 
mi.is as auricular fibrillation .and aurjcular /fuller which are usiMlly 
found in assoaaiion vvith serious myocardial and valvular disease, 
offer tlie largest field for its use. Bouts of paTox)smal auriailar tachy- 
cardia may be quickly terminated .and further attacks prevented by its 
continued administration. Extrasystoles, and more particularly those 
arising in the auricles, are in nwny cases prevented. Paroxysmal ventric- 
ulai tachycardia may be controlled, but its use in such cases has not been 
general In more persistent vcntricul.ir tacliycardia associated with cor- 
onary thiombosis wliere circulatory collapse is evident, quinidine Ins 
been given by the intravenous route with encouraging results in some 
cases Its use in coronary thrombosis to prevent vemricuhr tachycardia 
and ventricular fibrillation has been recommended, but in the presence 
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of defects in the conduction system it is possible that such disturbance 
m mechanism avould be produced by setting up a circus motement in 
the \ entncles In heart block quinidine is of doubtful t’alue and in many 
cases would seem to be contraindicated through its action on the con 
duction mechanism 

III CONTRAINDICATIONS 

In general it may be said that extensive myocardial disease as shown 
by congestne failure and hypertrophy and dilatation of long standing 
IS a contraindication for quinuline If in any gi\en case the underlying 
condition is such that the patient would not likely be any better off with 
a normal rhythm a\ith the smns rate more rapid than the ventricular rate 
under control by digitalis then such a drug should be withheld In 
anhythmns coming at the end stages of vahiilar disease of the milial oi 
tricuspid valves especially quinidme should not replace digitalis If 
there is a history of embolism recent or remote quinidine should not 
be used although the dangers in siicJi cases have been exaggerated Some 
of the earlier writers failed to take into account the natural histoiy of 
the disease and the gieat frequency of embolism m cases with hy perirophy 
and dilatation of the chambers of die heart from any cause in cases of 
coronary occlusion with mural thrombi and in cases of acute or subatutc 
bacterial endocarditis Inquiry should always be made of the patient 
concerning a possible idiosyncrasy to quinine when used in the treat 
raent of other diseases When susceptibility is demonstrated great caution 
sliould be used or the drug abandoned entirely If symptoms of toxicity 
arise vshen the test dose is given the drug should be stopped Sucli cases 
have not been observed in the writers experience but are dcscnbecl 
In partial or complete lieait block in bundle branch block and in arbor 
ization block die drug should probably not be used or the patient should 
be v\ Itched closely and the quinidine stopped at the first sign of toxic 
symptoms Absence of fibnllalwn uaves in the electrocardiogram predi 
cate unfavorable results whereas in tliose cases v\heic coarse auricular 
waves ire seen the results are best In patients of advanced years there 
IS less likelihood of success and greater danger of accidents 

There aie exceptions to this nile as illiistraied by the following case 
An elderly patient of 78 years was one of a number of advanced years 
who had been under observaiion m a home for the aged and infirm They 
hail been known to have bad auriailar ribnllation of many years siandiiig 
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and had no marked sj^npioms due to the arrhjthmia an observation fn.*- 
quentlj made in patients svbose sentncular rate is not increased greatlj 
by the disordered action of the auncles Sev eral of the group responded 
to relatively small doses of quimdine and in one a normal sinus rhythm 
was restored after a single dose of 0^ Gm (3 grams) although the auriai 
lar fibrillation had probably existed continuously for 20 years 

IV TYPES OF ARRHYTHMIAS 
Those arrhythmias m which quimdine is of value will be reviewed 
In properly selected cases of auucular fibrillation the normal rhythm 
may be restored and the patient returned to a more useful life without 
great risk "When quimdine was first used it was thought thit belter 
results could be obtained if the arrhythmia was of short duration but 
longer experience has shown that while this is generally true, there are 
some cases where excellent results may be achieved after the condition 
has existed for many years After a period of a month the duration is 
of little consequence Paroxysmal auricular fibnllaiion may respond read 
tly to small doses of the drug although there may be some uncertainty 
whether the attack would have conunued without its use In mitnl 
valvular disease which is progressive it is not uncommon to see paroxys 
mal attacks of auricular fibrillation months or years before the arrhythmia 
becomes of the persistent type In this early period attacks vmII often 
be prevented by consunt use of quimdine Paroxysmal auricular fibnlla 
tion IS also common in degenerative cardiovascular disease and vvill 
respond to treatment Since tins disease is progressive auricular fibnlla 
lion tends to become persistent and later will fail to respond after several 
successful trials 

The experience reported in the following summary of a case Jiistory 
IS not unusual Mrs S B 43 years of age had had an attack of rheumatic 
fever 20 years previously For a year she had experienced bouts of palpi 
tation of great seventy lasting for penods of a few minutes to about an 
hour VMth sudden onset and offset Examination beiv cen attacks showed 
enlargement of the tvpc usually seen in mitral valvular disease There 
were signs of marked mitral stenosis and insufficiency lien seen diinng 
an attack the rhyllim v\as irregularly irregular with a ventnailar rate 
varying from 120 to 150 per minute \n electrocardiogram shov cd aunai 
hr fibrillation wiihxoarsc atincular complexes at tlic rate of J50 to COO 
per minute Quinidine sulfate was prescribed m doses of 0 2 Gm (S 
grains) to be taken upon awakening in the morning and at bedtime 
Two additional doses were advised to be taken at noon and at about 
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6 pm For a period of four >ears the atncLs could be pre\ented if she 
adhered strictly to this regime but if she missed a single dose of the drug 
an attack would supervene At tlie end of this four jear period attacks 
could not be prevented by much laiger doses Digitalis was then einpIo}td 
with satisfactory control for three years when death resulted from cerebral 
embolism at the age of o 2 years 

In toxic thyTOid disease auricular fibrillation appeals m paroxysmal 
form in over a third of the cases and tends to be more persistent in a 
considerable number of them The results are uncertain before treatment 
of the underlying condition but when tiie goiter is removed or other 
successful measures are instituted to reduce the toxicity the greatest hope 
can be offered for success U is apparent that paroxysmal auricular fibril 
latioii IS less commonly seen nowr m patients with toxic goiter than a 
decade ago This is probably due to the widespiead use of iodine in the 
treatment of such patients 

Cases should be chosen for treatment wlieie there is Jittle or no con 
gesttve heart failure and if such failure be present suitable measures 
should first be taken to restore the cnculation before qmnidine is begun 
In cases where there is no evidence of valvular or myocardial disease the 
results will be most gratifying Auricular fibrillation arising in the course 
of acute infections or following operations responds favorably although 
heie again the likelihood of spontaneous termination of the attack miy 
lead to a false conclusion concerning the value of the ding In many clinics 
the practice among surgeons of giving large amounts of fluids parenierally 
after operations to elderly persons ftequeiuly causes circulatoiy embar 
rassment In such cases auricular fibrillation frequently arises As a rule 
a single dose of quinidme will restore the normal rhythm but the fluids 
should also be restricted as much as is consistent with good postoperative 
management If patients are greatly disturbed by the auricular Fibrillation 
or are of nervous temperament a short course of bromides oi other setla 
lives may be helpful before quinidme is begun 

In auricular fliitlcr the noimal rhythm may be restored in about •’5 
per cent of the cases It is siipposetl that most cases of auncuhr fibrilla 
tion pass through a period of coarse filinllalion to a stage of auricul ir 
flutter before tlie normal rhytliin is reestahhshed but this period is so 
short lint it is seldom recorded Better results may be expected if the 
arrhythmia appears in paroxysmal attacks when they may be abruptly 
terminated or subsequent attacks prevented Auncuhr flutter arising in 
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the younger nge groups with iindcrl)iiig %-iHular disease uill ie,poiul 
better than in those past middle age tvith d^cneratise vaiscuhr disease 
In \ieu of the lou percentage of successful results it Ins been tlic urncr s 
custom to treat the patient aviih digitalis first to increase the aunciilo 
\entricuhr block and to bring about auricular fibrillation Then uhen 
digitalis is t\ithdra;\n the normal rh)thm is usuall) promptly resumed 
If the normal rh)thm is not reestablished qiiinidine can be expected to 
gi\e excellent results in most cases In patients iMth toxic thyroid disease 
in the course of acute infections or after operations the same fasorahU 
results ma> be expected as in auricular fibrillation 

In so-called flutter fibrillaUon good results ma) be expected Peisoinl 
experience Ins shoun tint patients with lou ainicular rates and proim 
nent fibrillar) or fintteilike waxes as demonstrited b) the cicctrocardi 
ographic record respond most faxorabi) to treatment xvhcreis t/iost In 
whom the exidence of auricular electrical acnxii) is slight xxill be less 
likel) to benefit b) treatment 

Paroxysmal auricular tachycarilia is usuall) uinssocntcd with xaixuhr 
01 m)ocardnl disease and in these cases good results ma) be expected 
cither in stopping attacks or in prexcntnig then recurrence Howexer 
unless the attacks are as frequent as once a week or tend to be of long 
diiiation or arc xei) distressing to the pitient iJie commnous use of 
qinnidine is not necessar) or desirable There apjiears to be some tend 
enc) to an acquired tolerance to the drug x ith continued use in a few 
patients and ii ma) then he incITeciixc xxhen it is needed in more seiious 
attacks Likewise if larger and larger doses arc required s)niptoms of 
toxicit) ma) arise wJiicJi would cause the drug to be abandoned Smiihr 
experiences haxc persoiiall) been met xxiih m parox)smal auricuhr Hiitici 
and fibrillation and it is jiossdilc that the clinical reputation for an 
increased tolerance ma) be m part due to the progrcssixe nature of the 
underl)mg disease xxhich tends to pioducc more persistent arrhxtliimas 

Auricular aud lentiicular e\tras\stoles arc in irnnv cases eiadicattd 
l)\ quimdinc but it should be kept iii mind tint the ircaimciil liere is 
jmitl) s)mj)toinatic In those cases xshcrc there is discomfort because 
of ilic arrlixthnna it max be iiseful Where possible the hctois rcsjHni 
sible foi the cxtrasxsiolcs should be rtmoxed In )oung persons witlu til 
exidence of xaixuhr nniKirdial or |>cncarthal disease flic contniucfl 
use of qumidme should not be rtsrrud to In niinv cases of xaixuhr 
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and m)ocardial disease, e\tras>stoles may appear months or years before 
the more serious arrhytlimias, and m such cases the use of daily rations 
of the drug may be of value Personal experience lias shotvn that auricu 
lar extrasystoles are more amenable to tieatment ilian aie the seiitricular 
types, although others hase found little difference in the percentage of 
successful results Sometimes quinidine may be combined uath digitalis 
and other drugs with better results Qiimtdine may be of salue in sup 
pressing ventricular extrasystoles arising m patients who are taking max 
imal doses of digitalis 

Extrasystoles aiistng in the aurtculovetUticular node and m the ven 
hicnlar conduction apparatus may respond favorabU to treatment but 
in the writei s clinic the lesulis ha\e not been good in a limited number 
of cases 

Nodal rhythm arising m the aunculoacntncular node or junctional 
tissues IS not likely to lespond fa\orabIy to treatment with quinidine 
accoiding to personal experience 

Ventncxdar tachycardia is iisunlly associated with grave myocucinl 
disease The attacks are usually brief and paroxysmal m nature, but may 
continue until death, causing great distress Quinidine has been used 
successfully in a number of such cases and its use liere is justified for 
symptomatic relief and may be lifesaving A high moitaliiy may be 
expected m those cases associated with coronaiy occlusion, but if tlie 
conducting mechanism is damaged, it is possible that quinidine may 
further depress us activity and the condition may pass from one of ven 
tricular tachycardia to ventricular fibrillation winch, if continued foi 
moie chan a biief peiiod results in deaili Some of the fatal icsulis in 
the use of quinidine may be .uiiibuted to this action Other drugs such 
as potassium salts, may be more useful in such cases 

In a combination of arrhythmias avliere thcic is widespread niyocar 
dial disease, the use of quinidine is seldom justified It should not be 
used m complete heart block or bundle bianch block associated with 
.iiinciilar flutter or fibrillation In such cases an independent circus 
movement may be instituted m the ventiicles, lesultmg m ventricular 
tachycardia and ventricular fibrillation 

V. METHODS OF ADMINISTRATION 

The oral method has been found most suitable for administration 
Quimchne sulfate is usually given m tibleu. cachets or capsules The 
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gehtm capsules are convenient to use and those containing 02 Gm 
(3 grams) of tlie drug are small and most suitable for ordinary cases 
When the intravenous method is used, the sulfate of qumidine ma) be 
given in a five per cent soliitjon in distilled water or otlier suitable sol 
vent The dosage by this method may vary, but amounts from 05 Gm 
( 7^4 grams) to 1 2 Gm (18 grams) have been employed, given slowly, 
and with due precautions, to be sure that the needle is in the vein and 
to stop when the arrhythmia is abolished or untoward symptoms appear 
Hepburn and RykertiS recommend up to 4 o Gm (60 grams) in 500 cc 
(one pint) normal salme or five per cent glucose solution given at the 
rate of 100 to lao cc ($^4 4 ounces) per hour for persistent attacks 

of ventricular tachycardia where the drug cannot be given by mouth 
Their results in controlling die attacks rehev ing symptoms of shock and 
in promoting recovery of patients vvith coronary occlusion accompanied 
by ventricular tachycardia are very promising Quinine dihydrochlonde 
has been used intravenously in the WTiters clinic for many years in doses 
of from o 5 Gm (71/^ gnms) to 1 Gm (15 grams) m paroxysmal auric 
ular tachycardia and in auriculat fibrillation with good results Padilla 
and Cossio 3 i and Hepburn and RykertiS have given the larger doses of 
qumidine sulfate intrav enously m paroxysmal auricular flutter and auric 
ular tachycardia with good rcsuhs but the WTiter has not been satisfied 
with the intravenous use of quinine dihydrocIiJonde in auricular flutter 
perhaps because the drug has not been given m siilficjent dosage Tlie 
incidence of severe toxic maniFesiations was rather lugh In view of the 
excellent results v\ ith die oral administration of qumidine m the paroxys 
mal auricular arrhythmias and the more pronounced and sometimes 
unfavorable action of the qmnidme compounds on the functions of the 
heart muscle, its intrav enous use in such doses is not recommendet! except 
m obstinate cases There is also an added danger of thrombosis in the 
veins of die arm with tins method 

When given by mouth m cases where diere is an absence of hydro 
chlonc acid in the stomach qumidine may be better absorbed if hydro- 
chloric acid IS used However no sinking thfference in results has per 
sonally been observed in sucli cases 

Qmnidme is rapidly excreted from die body through the kidneys 
as was showm by Lewis and others Wedd and Hubbard'^S found that 
traces of qumidine could be demonstrated m the urine as long as 12 
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hours after the dose had been gi\en but that traces of the alkaloid m 
the urine did not insure a therapeutic effect The concentration of the 
alkaloid m the blood stream probabl> is an important factor in con 
trolling the heart On the basis of rapid absorption and excretion it 
has been the avnters practice to repeat the dose usually o 2 to o | Gm 
(3 to 6 grams) at frequent interxak a\hen trying to terminate attacks of 
auricular fibiillaiion or flutter and togise it every three or four hours 
throughout the day and 7iighl By this method results are achieved v\ith 
a smaller total dose than by the method of gradually increasing dosage 
given only two or three times during the daytime or by a regular ration 
of o 4 Gm (6 grams) three times a day If results are not obtained the 
sire of the dose may be increased but a rule should be made under such 
circumstances to see the patient personally before each succeeding dose 
IS given A failure on the first attempt does not contraindicate a further 
trial and sometimes successful results will be obtained after several 
failures 

The following notes from the case record of ^frs E J aged 30 }ears 
will illustrate the authors preferred method for use of quinidine in the 
restorauon of normal sinus rhytlim in dironic aunailar fibrillation Upon 
entry to the liospital the patient eiJitbiied the usual features of conges 
live heart failuie with orthopnea right hydrothorax enlarged tender liver 
and edema of dependent parts The heart was greatly enlarged and dis 
placed to the left TJierc were signs of mural valvailar disease probably 
rheumatic m origin Auricular fibrillation vvas present and apparentlv 
had existed for six weeks The fibriUaiion waves in the electrocardiogram 
were rapid and prominent Tlie ventricular rate was about ISO per 
minute There were no signs of enlargement of the ihyToid gland and 
no evidence of thyaotoxicosis After a preliminary course of treatment 
»uih djgjwJjs and other measures designed 10 restore orniJalory clhoenn 
had been unsuccessful ilie digitalis was discontinued The ventricular rate 
was then 84 per minute After a test dose of qmnidinc sulfate of 0 2 Gm 
(3 grams) which provoked no tinnitus gastrointesunal symptoms <r 
cniption the drug was given in doses of 0 t Gm (C grams) every six 
hours day and night When 18 Gm (27 grams) had been given (the 
average dose required to restore normal sinus rhythm in well selected 
cases) the rhythm became regular and the electrocardiogram siiowcd that 
the impulses were arising at the sinoaunadar node The P waves were 
somewhat distorted and diphasic in Leads II and III and the \\ con 
duction time was at the upper limit of normal Tlie dosage of qumidino 
was reduced to 0 2 Gm (3 grams) cvwy six hours and continued for a 
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ucek Thereafter for Uirce months four doses of onlj 0 2 Gin (3 grains) 
\ ere giten each 24 hours The first dose uas gnen before arising and the 
last at bedtime The other tt\o doses a ere given at intermediate times 
but not more Uian six or seven hours apart \t the end of this three 
month period when there was no return of congestive failure or arrhjth 
mia the drug was discontinued During the subsequent ti o ^eais tlitrc 
V as no return of symptoms However the physical activity had been 
reduced by diangc of occupation and avoidance of unusual physical and 
emotional strain If there had been a return of tlie arrhythmia during 
this period tl e same procedure could have been repeated after which 
experience the drug would have been given continually at six hour inter 
vals until persistent aurinilar fibrillation would arise because of adiancing 
myocardial insufficiency at which time digitalis vvould be substituted 

\\ hen giving quinidine as a prophylactic treatment for evirasystoles 
or paroxysmal auricular arrhytlimias the patients may be ambulatory 
but m the more persistent and serious arrhythmias the patient should 
be under careful control in bed and if possible the course of treatment 
should be followed closely with frequent electrocardiogiams Evidence 
of progressive conduction defects or new and abnoimal rhythms arising 
m the junctional tissues or ventricles should contraindicate ftirther use 
of the drug 

Digitalis iias frequently been employed as a preliminary treatment 
and IS now used to some extent in conjunction with qumidine As pre 
viously Stated if there is congestive failure of moderate or marked degree 
It is probably unwise to attempt restoration of sinus rhythm until after 
this condition is relieved In the early days of quinidine therapy it was 
used in some such cases with success which however was often very 
temporary Digitalis or similar compounds should be given by the usual 
methods and other meisitres should be taken to restore die circnliforj 
efficiency The digitalis should then be stopped for two or three days 
and qnmidine begun If unsuccessful after a period of a few days another 
course of digitalis may be given and the attempt repeated as before as 
suggested by Lian and his co workers "T If then unsuccessful digitalis 
may be given in combination with quinidine In cases witli prolonged 
auriculovenincular conduction time it would seem unwise to give digi 
tabs which would tend furtlier to increase the block in which instance 
quinidine may stiJJ further depress the conducting apparatus with un 
favorable results It is doiibifiil if quinidine should be used at all in 
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such cases Qumidme maj be useful xn controlhn" \enincuhr extnsjs 
toles and coupled rhjthm resulting from digmhs Digitalis is sometimes 
of \alue in preventing extras)sioles associated with mjocardial disease 
before a course of quinidine is instituted for the relief of other arr)ih 
mias 

After the normal sinus rhythm lias been restoied the diug may be 
discontinued at once or the pati«it may be put on small daily rations 
Some of the early failures to maintain a regular rhythm were due to a 
w ithdraunl of the drug as soon as the arrhy thmi i ceased Further expen 
ence has shown that better results can be had by giving small doses daily 
or preferably several times a day over a period of time It will usually 
be found that tliree to four doses each of o 2 to o y Gm (“y to 6 gi uns) 
a dav are most effective In some cases two doses one in ilie morning 
and one at night will sufiice In a few cases however better lesuhs will 
be attained if a double dose is given at bedtime or if the patient is 
awakened at night for an additional dose Many patients are able to take 
small doses o\ er a long period of time without harmful effects In others 
toxic symptoms may arise such as tinnitus or gastrointestinal symptoms 
with iTOublesome diarrhea winch prevent further medication In rare 
instances the wTiter continued the drug m the face of a tinnitus and he 
has been pleased to have this symptom entirely disappear If the object 
is to prevent the recurrence of frequent and paroxysmal attacks of aiThyth 
mias the treatment must be given as described above If attacks aie 
infrequent an individual plan of administration of the drug is desirable 
Usually a moderate dose will ihen terminate the attack Each patient 
after a little experience will learn when and how to get the best results 
Some patients find the need for the drug greatest when they are about 
to undergo an ttniisinf physical or mental strain and ration themselves 
accordingly 

It should constantly be kept in mind that ihe serious irregulaniies 
aie usually associated with progressive cardiac disease and that at best 
It cannot be hoped to prolong the normal cardiac beat indefinitely In 
such cases it is more profitable to use digitalis or other drugs Mhcre 
the arrhythmia is transient and arises in the course of toxic ibyroid djs 
ease or with infections or after operations there is usually no further 
need of the drug when the general condition of die patient is improved 
In toxic goiter there may lie a return of ihe arrhythmia with retriuks 
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cences of the disease which will in turn respond after treatment of the 
goiter 

VI TEMPORARY AND ENDURING RESULTS 
1 AURICULAR FIBRILLATION 

In 1928 there appeared seienl important papers dealing uith the 
results in the treatment of auncttlai fibiillalton with particular reference 
to enduring results It is difficult to compare these statistics because of 
the variabilit) in the selection of cases in the methods of administration 
and in the after treatment a\hen normal rhythm had been reestablished 
Maynard**® m a series of 53 cases had success in 71 7 per cent Of 35 
cases followed fne jears or more '»i> had reverted to permanent arrh)th 
mia ivhich could not be controlled by qinnidine and in only siv cases 
was the normal rhythm continued in four other cases the normal rhythm 
persisted until death Tins author obtained the best results nhen the 
drug IS as gi\en m moderate doses every four hours day and night An 
advancing morbid process xoas largely responsible joi failure to mniutatn 
a normal rhythm A total of 47 Gm (1^ ounces) svas required in one 
case although in most cases normal rhythm nas restored before 10 Gni 
(2^ drams) had been gisen In two cases 04 Gm (6 grains) sufilccd 
Spiro and Neumanss reported 80 per cent of successful results m a senes 
of 41 selected cases A good aentncular contraction under fluoroscopic 
examination t\as considered a fasorable sign before beginning treatment 
Qmnidine t^as gisen in increasing doses up to approximately 5 Gm 
(75 grains) during the ^ \ hour period (day and night) If unsuccessful 
the qiunidine t as stopped and after a brief comse of digitalis (one to 
three days) uas repealed If again unsuccessful another trial uas made 
after an inters al of one or tsvo months When normal rhythm ssais re 
established a dosage of o Gm (4 grams) ssais continued three times 
a day 

In igs" Neuman and Spiro^O gase a detailed report on the use ol 
qiunidine sulfate for persistent auricular fibrillation aftei an experience 
over a period of six years and added **5 cases to Uieir former senes 
Among 40 patients siliose subsequent history s\as knossn 12 reserted 
to auricular fibrillation before the end of one year "S maintained normal 
sinus rhythm for one year or more *>3 for tsso years or more 1 j for three 
years or more eight for four years or more three for fise years or more 
and tuo for oser six years Among GG patients treated three died vitliin 
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a fcAv hours following restorition of the normal sinus mechanism pre 
suimbly from embolism three more were ihrnungly toxic probably 
with \entricuhr tachycardia or fibnllition and six others were model 
itely toxic They advised against the use of quinidine in eldeily 
persons wiUi weakly contracting hearts or in those with mural lesions 
and ^ery large left auricles The method of selection of patients for 
treatment was not stated These WTtteis reported 82 per cent of restora 
tions of sinus rhythm among 66 patients treated 

Bramwell and Ellis '' at the Manchester Royal Infirmary propeily 
stressed the requirements if tlie drug js to be of value Its usefulness is 
to be tested by the duiation of the leestablished normal rhythm the 
benefits to be derived and the dangers incidental to its use and not by 
Its action m restoring the normal rhythm In a group of 27 unselccted 
cases except for the exclusion of the toxic thyTOid cases treated during 
the sjx years preiious to i9‘’6 and under obsenation for a peiiod up to 
five years there was definite and lasting benefit in nine cases 01 per 
cent In an additional ten cases there was only transitory benefit In 
eight cases or 29 per cent qmnidme failed to restore the normal rhythm 
In 22 of the cases tliere was probably a iheumatic background and tn 
the remaining five cases there w as ciironic myocardial disease l\fany cases 
ivere included early in the study which would now be treated with digi 
tabs Qinnidine was administered in doses of o j Gm (6 grams) eiery 
two hours foi fue doses and generally the normal sinus rhythm was 
restored on the first day IE necessary the dosage was continued for two 
more days After normal rhythm ivas restored no further qurnidine was 
recommended unless a relapse occurred when the dnig i\as to be con 
tinned in reducing doses for several weeks after a second response If 
(vittUer telayites occurred, the drug was to be oouUuued uidefiuitely 
I lan Blondel and ^ lau^" tieated successfully 39 of 81 cases (48 per 
cent) of auricular fibrillation Jn 30 of these 39 cases the normal rhythm 
continued except in fue cases In two of these there avere brief periods 
of tachycardia lesponding easily to quinidine and m three others auricular 
fibrillation reappeared and was permanent after four years two years and 
scsen months respectuely In the 29 remaining cases the arrhythmia had 
not reappeared after a long time In nine additional cases normal rhythm 
was maintained for periods from fue days to about three monilis and were 
not included in the senes but if included a\ould bring successful ter 
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mmation of the attack to about 6o per cent. During treatment the drug 
was gi\en in doses of 0.2 Gm (3 grains) in increasing number during 
the da) until about i 2 Gm. (18 grains) wasgisen dail). If unsuccessful 
after about ten da)S, the drug was omitted and after a period of four to 
SIX weeks digitalis was gi\en for one or two weeks and quinidine was 
resumed, increasing the dose faster and gi\ mg up to 1.6 Gm. (24 grains) 
a da) If again unsuccessful, another period of rest was allowed and tlie 
quinidine repeated widioiit a preJimmar) course of digitalis, and doses 
of quinidine increased to a maximum of 2 o Gm. (30 grains) a da). .After 
attacks were terminated, the dosage was gradually reduced but drsided 
into four or five doses a da) Digitalis ssas recommended from time to 
time for periods of a few’ da)s Blood pressure readings were taken during 
treatment. Electrocardiographic control svas advised. Atropine seas sug- 
gested for troublesome bradjcardia at the end of the treatment. 

Parkinson and Campbell^s reported the results in 20 cases of par* 
o\)smal auricular fibrillation and in 44 cases of established auricular 
fibrillation Among 19 of tliose with paro\)snial attacks, nine patients 
were much improved and ilie attacks svere abolished or greatl) reduced. 
In five cases there was onl) temporar)' benefit and in the remaining five 
cases there wtis no improvement. In 44 cases of established auricular fibril- 
lation the normal rh)thm was restored in 30 or 68 per cent. In 23 of these 
cases the rh)thm was maintained for an average of two )ears and in one 
case after fine )ears Four patients had temporar) relapses, again respond- 
ing to treatment. In the seven rem.iining cases, tlie normal rhjthm tvas 
maintained for an average of 18 months Relapses were more frequent on 
reducing the quinidine rations. Results were better where there was no 
progressiv e valv ular disease or in the absence of toxic goiter. In about one- 
half of the reported cases there w'as a rheumatic background. ^Vith two 
exceptions, the patients were benefited by the restoration of normal 
rh)tlim The dosage in paroxysmal cases was 0.3 Gm. grains) tvvace 
daily, and in the established cases an initial dose of 0.3 Gm. (414 grains) , 
followed b) daily increase in dosage of 0.3 Gm (4'i/j grains) until 20 
Gm (30 grains) were taken daily. Congestive heart failure was treated 
with digitalis before administration of quinidine; but digitalis and quini- 
dine were not given at the same time. 

^Volff and^Vhite-t 2 reported the results of sev en years’ experience with 
quinidine sulfate from 1921 to 1928 In 6s cases of persistent .lurinihr 
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fibrillation and eight cases of auricular flutter, the noiinal rhythm tras 
restored in 65.7 per cent. The results r%ere best (100 per cent) in those 
patients tvith apparently normal hearts, irrespectue of age or duration 
The next most satisfactor) results were obtained in patients under 41 
^ears of age with rlieuniaiic heart disease In toxic goitei the results i\ere 
better than m the h>pertensi\e and arteriosclerotic groups. It the arrh)th* 
mia had peisisted for more than a month, the dnraiion had little influence 
on the outcome Failures were found to he due to insufficient dosage, 
infections, and possible alcoholism Digitalis in full doses r\as suggested 
as a preliminar) measure The most frequent change in mechanism uas 
to auricular flutter, but in no case was this mechanism of tlie fixed t)pe. 
In thiee cases there was piobable auricular standstill and it was suggested 
that standstill of the entiie heart maj be a cause of some of the fatalities 
in treatment. The end results m a considerable number of cases indicated 
that health was promoted but that life was probabl) not prolonged b> 
quinidine therapy In treatment after preliminary digitalization, quini 
dine was recommended m doses of o 38 Gm (6 grains) eser^ two hours, 
fi\e times a da) until results were obtained or until tOMC s>mptoms ap 
peared. If unsuccessful after fne to seven da)s, the drug w'as discontinued 
If normal rhythm was restored, patienu were given rations of from 0 19 
to 0,58 Gm (3 to 9 grains) as long as they were in the hospital and afiei 
ward at home for a feu' weeks, when an attempt was made to get on with 
out it AVliite has summarized his experience with this drug in his ad 
mirabie text on heart disease. 

Harrisl« reported the end results in successful cases treated from 1921 
to 1923 in the clinic of Sir Thomas Lewis Cases with severe degrees of 
congestive heart failuie wcie excluded In 26 of ;3 consecutive cases of 
chronic auricular fibrillation (605 per cent) normal rhythm was re 
established. Of these 26 cases there w-as reversion to auricular fibrillation 
u ithin a month in nine cases; at the end of six months in two more cases: 
at the end of one year in five more; and at the end of two yeais in an 
additional three cases, leav ing only seven of 26 cases with normal rhythms 
at the end of two years. Of tlie seven remaining cases, auricular fibrillation 
reappeared in four more after 2, 3%, and 7 years, lespectively. One 
patient who was lost track of in 1926, had been regular for 1673 days; 
anoihej remained normal to dale (foui years), and anoilici one vvlio 
was lost had been tegular for 317 day's The low percentage of permanent 
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results in some chnics js probiblj due to t cessitioii of treitmcnt uhcn 
normal rhythm has been restored On the other hind it is of interest 
that some authors ha\e reported 25 per cent of patients iMih regulir 
rhythm at die end of a )ear and 15 per cent it the end of itvo )eirs The 
selection of cases honever lined grcitlj in different clinics so lint re 
suits are not entirel) compinble 

ClnrltonS adiised 1 preliminir> course of digitilis to slow liie \en 
tncular nte ind to restore compensation He idvised 1 ntionil method 
of giiing quinidine in moderate doses daj ind night After restoration 
of normal rhythm small doses of quinidine two or three times a dij were 
advised and to be supplemented by digitalis in smill doses It was pointed 
out that patients may be more uncomfortable with 1 normal rhythm thin 
widi the auncular fibnlhtion 

Hurxthal '*0 m 1930 Ind excellent results with qiiiJiKhne in 59 nses 
of goiter with postoperauie paroxysmal auricular fibnlhtion and m 55 
cases of established auricular fibnllation all associated at one time or an 
other with hyperthyroidism In the paroxysmal type there were no fad 
ures In the more persistent type the arrhythmia terminated spontaneously 
m seven cases In eight cases qumidme was not used and in five cases its 
use was unsuccessful In 34 cases the results were satisfacioi-y The drug 
was given in doses of o j Gm (6 grains) every two liottrs until the pulse 
became regular or until toxic symptoms appeared or until a total of *» 5 
Gm (39 grains) had been given The use of o j to o 0 Gm (G to 9 grams) 
after meals for several days was recommended for a second trial When 
normal rhythm was restored 1 duly dose of o 4 Gm (Ggrains) wis given 
for a month or so to insure permanency Recurrences were attributed to 
a return of toxicity of the goiter or to coincident cardiovascular discisc 
If 15 of interest tkat 1 series of pvients uith goiicr nitb esnhhshcd fihrd 
hiion at die time of operation from two to seven years previously were 
lecilled for cximination and 11 was found that they had reverted to a 
normal rhvthm No quimdine had been given in these cases 

Anderson i m igs** recommended the use of quinidine on die fliircl 
or fouith postoperative day m (hyrotoxicosts if auricular fibrilhuon per 
sisted 111 a senes of 23 cases die normal mechanism was restored by this 
method in ■>2 patients (qG per cent) m contrast to a lower percentage 
of favorable results in 16 patients treated liter where the normal rhythm 
wns restored in only ten patients (60 per cent) Qnimdine was given as 
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lollo^vs A test dose follo\\ed b) o 3 Gm (5 grams) each four hours da) 
and night lE the rh)tlim ivas not restored the dose ts’as increased to o 3 
(5 gnms) each three hours and then i£ necessar), n dose t\as gi\en 
each ttvo hours 

"NVedd 39 in 1929 summarized his results after seaeral )ears of e\peri 
ence m England and in the United States The oral method of admin 
istration t\as preferred When giacn b) mouth a reduction of tlie cardiac 
rate could be detected 111 about 15 minutes and a ma\.imuin effect was 
noted m two or three hours On the basis of rapid absorption and ex 
cretion the suggested interval between doses a\as not more than si\ liours 
The mavimurn single dose adtised was 08 Gm (12 grams) For con 
tmuotis administration doses of o 2 to o j Gm (3 to 0 grams) ever) three 
to si\ hours were given da> and night Qinnidme and digitalis were given 
togethei to reduce the auricular rate and to keep the vemncular rate 
down during the period of treatment Tins author held the opinion that 
the behavior of auricular fibrillation and flutter supports the circus move 
ment theory of the mechanism involved in these arrhythmias In hyper 
tension cases with paroxysmal auricular fibrillaiion very poor results were 
obtained Patients with toxic goiter responded belter after operation 
Attacks coming on after opentions usually were controlled In persistent 
auricular fibrillation best lesults were obtained in pauents free from con 
gesiive heart failure and without evident valvular or myocardial disease 
better results in the young than in the elderly (its use wns not recom 
mended m old persons with arteriosclerosis) better in those with small 
hearts and in those when the onset of the arrhythmia was recent The 
expected duration of normal rhythm after restoration and the risks to be 
taken were important considerations before treatment was started 

Maynard 20 m 1931 m suminaruing his own experience and that of 
others suggested that although from 50 to 70 per cent of patients with 
chronic auricular fibullatiou may have the normal rhythm restored by 
quinidine the relief is onlv symptomatic The patients selected should 
be those (i) to whom the arrhythmia is a symptomatic disturbance (2) 
with auricular fibrillation for one month or less by preference (3) in 
whom there is no congestive heart failure and (4) who do not have ad 
vance mitral stenosis where recurrences arc Iikeh or where auricnhr 
thrombi are moie likely to occur In this authors experience piticnis 
with rheumatic heart disease responded beiier than those with arlcrio* 
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sclerosis, and patients i\ith thyroloxtcosts showed excellent results Qtuni- 
dine was gi\ en m a dosage of o 4 Gm. (6 grains) each four hours day and 
night and increased if necessary, followed by o 2 Gm. {3 grains) three 
times daily for weeks or months after comersion. 

Kohn and Levine , 23 in 1935, analyzed 45 cases of persistent auricular 
fibrillation from their own experience and lesieued the literature, ^^lc 
reversion to normal rhythm uas held not to be the only criterion of suc- 
cess They found patients i\ith valvular heart disease (rheumatic) more 
resistant than patients without valvular disease. Patients with thyrotoxi- 
cosis after operation responded almost invariably to the drug. Older pa- 
tients and those with longstanding arrhythmia were more resistant and 
more liable to thrombosis and embolism. The indications suggested for 
tJie use of quinidine in cJironic auricular fibriJlaiion ucrc; (i) The pies 
cnee of the arrhythmia in an oiherv\ise normal lieart; (2) its persistence 
after operation in hyperthyroidism; (3) where the irregularity is the 
cause of intractable palpitation; and (4) in certain hopeless cases where 
other forms of therapy fail 

Hines and Maher, itJ in 1933. gave a report on 28 ambulatory patients 
with aunailar fibrillation. Quinidine and digitalis were given slniultaiie 
ously in most cases. The drug was given in divided doses, and a total of 
not more than 0.8 Gm. (12 grains) was given daily. In 12 patients (41 
per cent) the normal sinus rhythm was restored, and among those where 
failures occurred there were some wlio failed to cooperate. 

\Veisman,-*o in 1932, in a series of 28 ambulatory patients with auricu- 
lar fibrillation treated with quinidine, reported Go per cent of tlie results 
to be satisfactory. Digitalis w'as used in preparation, and as the dosage 
of this drug was diminished, the administration of quinitlinc was hegun 
in very small doses and continued in small doses for a longci time th.m 
usual In a later report, -tt in 193G, of 17 sucressfiilly treated patients, five 
have remained regular for from four to five years. 

Buhe and Rcinuein.t? in 1930, using Bergmann’s meihotl of dosage, 
had normal rhythm recstabiislicd in 67.3 per cent of 7,8 cases of all tvfics 
treated These authors summarized the immediate results in auriailar 
fibnlJatJon as reported by 30 aiitliors. In a total of 1 152 cases treated, 
the rhythm became regular in fi|8 cases or in 7,n per cent. These figures 
include some of ilic figures from carlv rcjKiris, when cases were not so 
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caiefiill) selected or uhen the drug uas not continued after the reestab 
lishment of the normal rhythm 

2. AURICULAR FLUTTER 

The immediate and enduring results in cases of auricular flutter have 
not been so brilliant as in auricular fibrillation Previous to 1928 it was 
the general experience to have attacks terminated by quimdine in from 
20 to 25 per cent of cases In the past ten years there has been little indi 
cation that this percentage of good results has been materially increased, 
except by the use of excessive doses or by heroic and probably dangerous 
dosages by the intravenous route In the past, most clinicians have been 
satisfied with the use of digitalis in convening an auricular flutter to 
auricular fibrillation wlien, if the digit.ihs is withdrawn, the heart will 
usually revert to the normal rhythm If it does not, the patient is usually 
more comfortable and moie easily controlled by continued use of digi* 
tails. Since the advent of quinidine it has been the vmter’s experience 
that if the patient does not respond promptly to moderate doses of quini* 
dine, it is safer and more satisfactory to proceed with digitalis, in the hope 
that auriculat fibrillation will ensue, when the digitalis is omitted and 
quinidine is used after a period of two or thiee days. Uniform success 
was obtained in restoring the iiorm.il rJiythm in this manner in obstinate 
cases if the fluttei was successfully converted into fibrillation fust by digi- 
talis A very few cases were observed where all .ittempts failed to abolish 
the original attack of flutter which Ii.id existed for two or more years in 
patients with fairly sound hearts Lian and Viau 27 advised a similar 
plan of treatment In paroxysmal auricular flutter better results can be 
expected by quinidine alone, unless there is congestive failure, in which 
rase digimlis should be employed. Wolff and Whitens found digitalis of 
more value than quinidine in .auricular flutter Boiirne 3 reported a 
single case of auricular flutter in a patient with mitral disease and tri- 
cuspid insufficiency, where enormous doses of quinidine v^ere reqtiireil 
to restore the normal rhythm The attack had persisted for two years and 
after a preliminary course of treatment with digitalis for six weeks, quini 
dine was begun Toxic symptoms appeared after a total of 33.3 Gm 
(r,oo grains) b.ad been given. Quinidine was then combined with digi- 
talis, but twice stopped after toxic symptoms developed. Then another 
course of quinidine .alone, in moderate doses, was given and after three 
days noianal rhythm w.as reestablished. A loiaJ of r,o Gm (y,o grains) 
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was given during the course of treatment. On rations of 0.26 Gm. 
(4 grams) three times a day, the heart had remained regular for two 
months. 

One would hesitate to continue the use of quinidine in such an 
obstinate case, and would perhaps try to comert the flutter to fibrilla- 
tion if the pauent was in great discomfort from the flutter rhythm. This 
author also advised tliis procedure in auricular fluttei and recommended 
quinidine to restore the normal rhythm when auricular fibrillation ap 
peared m such cases after the use of digitalis Wedd, 3 ‘> in 1929, reported 
four cases of auricular flutter treated ivith quinidine by mouth i\uh one 
successful result. In li\o other cases the attach stopped, but it was doubt- 
ful uliether the quinidine played any role in the result. This author 
cited the nine cases of Singer and Wintcrbcrg i\ith success in six after 
the intrasenous use of quinidine Wedd expressed the opinion that auric- 
ular fibrillation should be asoided in the treatment of auricular flutter 
by digitalis as it may become permanent. As stated above, the writer docs 
not consider this to be a serious mailer, in view of the ease with which 
such cases revert to normal rhythm with quinidine. 

Padilla and Cossio 3 l advised the use of intravenous quinidine in five 
per cent solution for various arrhythmias The usual dosage w’as 0.5 Gm. 
(7 fi grains) for patients of 60 to 80 kg. (132 to 17(1 pounds) . If unsuc- 
cessful, the treatment was repeated in 24 to ,j8 houis and the dose in- 
creased to 1 o Gm. (15 grains). They gave as unicli as 0.15 Gm. (21/ 
grains) per 10 kg. (22 pounds) wiUioiit serious accidents. Palicnis were 
recumbent and quiet during administration of the drug. They li.-ivc 
been successful in controlling attacks of auricular flutter. In these cases 
the ventricular rate vvas reduced .After normal rhythm was restored, 
quinidine was given by mouth to prevent a recurrence Better results 
weie obtained m the paroxysmal attacks I^aier, these amiiors^s reported 
successful results from the intravenous use of tjiunidine sulfate in two 
patients with prolonged attacks of paroxysmal auricular tachycardia and 
two cases witli auricular flutter. The general symptoms of toxicity were 
troublesome. 

Tung Chcn-l-angf* advised the use of digitalis and quinine simult.ane- 
ously in the treatment of auricular flutter. The lesiilt was successful in 
a patient suffering from malaria 
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Borg- sii^ested the use of (jiiinidine sulfate in paro'c^smal irregulari 
ties of the heart rshich cannot be diagnosed accuntel) because of their 
fleeting character and before persistent arrh>thmias supenene 

Gold Otto and Satchnelin reported on the use of quinidine sulfate 
m a senes of 21 patients nith pirovysmal auricular fibrillation and flutter 
The) did not find that the ambulatory patients shoued such sansfactorj 
results as reported b) other authors It uas their opinion that small 
maintenance doses of quinidine a\ere of little saliie in preventing attacks 
and probably of little value in maintaining normal rhythm after it had 
been restored after prolonged attacks The) gave a detailed report of a 
patient with bundle branch block and attacks of auricular fibrillation 
and flutter Continued use of the drug over long periods reduced the 
S)mptoms accompan)ing attacks probabi) because the atinculoventriciilar 
conduction system was infiuenceil by the drug so dial the ventricular rate 
was kept near the noimal level This patient later w*as able to tolerate 
5 Gm (60 grains) of quinidine sulfate daily for a year during which 
time dtere were no attacks 

Joiirdonais and Mosenthal22 described ilie effects of quinidine in a 
66 year old male who showed auncuhr fluitei and complete aunculo 
ventricular block The auricular rate was 270 and the ventricular rale 
36 per minute While under daily treatment with quinidine and follow 
ing 2 4 Gm (36 grains) on a given day he developed nausea and gastiic 
distress It was found that tlie auricular rate had dropped to 130 per 
minute and the ventricular rate vvas increased After further administra 
tion of the drug a temporary period of sinus rhythm was observed with 
a rate of 40 per minute with a P R interval of o y-* second The present 
WTiter obsened a similar example of profound influence of quinidine on 
the auricular rate in auricular flutter witb the flutter waves falling from 
a rapid rate to i‘’0 per minute When the auncuhr rate falls to extremely 
low rates the functional aiirictiloventricuhr block tends to disappear 

3 PAROXYSMAL AURICULAR TACHYCARDIA 
Here tlie lesults are very satisfactory ni a liinaed number of cases 
This arrhythmia is seldom associated with valvular or myocardial disease 
and only rarely is there a fatal outcome when the attacks persist for many 
days Or weeks If tlie patient has no discomfort during the attacks ii is 
unnecessary to resort to treatment which may itself piodiice symptoms 

■»— IS 
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In those patients whose attacks are eitlier frequent or of long dui-ation 
(hours or days) , or are accompanied by distressing symptoms and are not 
relieved by ordinary and well known measures, the use of cinchona corn 
pounds is justified. If the attacks threaten life because of their duration 
and associated congestive failure, the intravenous use of quinidine sulfate 
by the method of PadilJa and Cossio may be tried, but personal experience 
has shown that this emergency seldom arises. Soluble quinine prcpaia 
tions are available and are generally effective. 

Since January, 1923, quinine dihydrochloride has been used in the 
writer’s clinic for the relief of obstinate attacks on the suggestion of 
Dr E. L. Bruck, of the staff, who studied under "Winterberg, in Prof. 
Wenckebach's Clinic in \henna, where this method had been employed 
for about tw'o yeais. This drug is given intravenously in a ten per cent 
solution, slowly, watching for any untoward symptoms. Tlie cardiac rate 
is usually promptly slowed when the injection is begun and in most cases 
the attack terminates before the full dose is given. The writer has not 
given more than o 5 Gm. (7.5 grains) at a single dose. There may be a 
local burning sensation in the arm and a general feeling of wanntli, hut 
usually there are no other toxic symptoms. This method has rarely failed 
in a large series of cases. For prophylactic treatment quinidine sulfate by 
mouth IS employed in doses of from o 2 to o i Gm. {3 to 6 grains) every 
six hours, giving at least three doses a clay at first and gradually reducing 
the size of the dose if possible thereafter. If attacks are not prevented 
by moderate doses given in this manner, a double dose is given at bed- 
time or an extra dose given just before any unusual physical 01 mental 
strain is about to be undertaken. Bromides may also be given for their 
general quieting effect in this type of individual, ^^o^phinc, digitalis 
or potassium may be of value in these cases, but the use of opiates Ins 
been avoided because of the recurrent nature of the disorder. The value 
of quinidine in any given case can actually only be determined by sevcr.1l 
control periods when no dnig is taken and by keeping a careful diary 
of the numbei and duration of attacks in the periods with and witliout 
treatment. In a few cases good results have not been obtained In theve 
cases it is usually a persistent diarrhea wliich appears, vvhen niodcnuc 
doses are given over a long period of time, to defeat the attempt at further 
medication. 
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Lmn and Viau2T reported a senes of 27 cases of paroxysmal auncuhr 
tachycardia treated in the course of attacks or in the inters al with good 
lesuJts in 22 cases The drug was giten by mouth in all but one case 
ivliere the intravenous metliod ivas used and Whitens found 

qumidine of value m some cases of paroxysmal auricular tachycardia 
Charlton^ bad die same experience Padilla and CossioSi *52 uhised 
the Ultras enous use of qinnidine sulfate in doses of from 05 to 1 2 Gm 
(7!/^ to 18 grains) for attacks of this arrhythmia It would appear that 
this dosage is too large and that if die drug is to be given intraaenously 
the dose should be as small as possible be gi\en very sIoVNiy witli electro 
cardiographic control and only after the usual simple methods of term 
mating attacks have been tried 

4 EXTRASVSTOLES 

Ordinarily tlicse do not require treatment uiih cinchona compounds 
Measures should first be taken to exclude toxic causes sudi as digitalis 
alcohol tobacco coffee and tea in excess cerebral diseases abdominal 
conditions associated with gaseous distention local pulmonary or pen 
cardial infections and lastly valvular or myocardial diseases where extra 
systoles may be the earliest sign of impending arrhythmias of a more 
serious nature In young persons under years of age exirasystoles are 
so common as to excite no comment or ordinarily to require no special 
treatment In older persons where extrasystoJes arise fiom multiple foci 
m the heart or arc increased in number on effort a more serious problem 
IS at hand 

If extrasystoles persist after the usual causes have been removed and 
make the patient uncomfortable bromides 01 belladonna should first 
be tried for relief Rest and digitalis m small doses may also be bene 
ficial over a period of time Prof Wenckebach 10192} suggested quinine 
sulfate and strychnia in capsule form two or three times a day and this 
combination has been found beneficial m some cases Quinine or qiiini 
dine may also be given with digitalis in small doses \Vlien giving qmni 
dine alone for control of extrasystoles it is the wuicrs custom to give 
from o 2 to o 1 Gm (3 to G grains) three times a day giving one dose 
on awakening m the nionimg one at beiltime and a thnd during the 
midafiernoon Sometimes a dose night and morning imII sti/ficc hut 
occasionally it will be necessan to give the drug eveiy four hours day 
and night for lehef ^V'hen the cxtrasystoles arc under control the 
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minimum effective dose should be determined ind piUents maj be kept 
on the drug indefinite!) Onlj rirelj i\ili it be necessar) to re!) on tins 
drug if the causes uhidi tend to bring on the irreguhnties can be tndi 
cated Coupled rhythm or extrasystoles arising during the course of digi 
tabs therapy may respond to qmmdtne 

Lian and BlondeUt vised small doses of quinidine to control extra 
systoles and had the most fiiorable results in patients utthout myocardial 
insufficiency If myocardial insufficiency nas present digitalis nas first 
gi\en for a fetv days and stopped nhilc the qinnidme uas being taken 
In patients t\ith bradycardia and extrasystoles quinidine uas not advised 
Their results on the whole were good Uedd^o found that extrnsysiolcs 
usually disappeared after o 6 to o 8 Gm (9 to 12 grains) given at a single 
dose and that daily rations of o { to 06 Gm (6 to g grams) may control 
the irregularity The use of qmnidmc for treatment of these irreguhrittcs 
uas not generally recommended in vaeu of the beneficial results uith 
bromides and belladonna Wolff and W'hae^s found quinidine of some 
value m the treatment of extrasystoles Charltons had similar results 
and found that in some cases extrasysioles uould not reappear after 
stopping llie drug 

5 NODAL TACHYCARDIA 

Tlie results in the treatment of nodal tachycardia have not been grati 
fying This arrhythmia originating jn the aiinculovcntnadar node or 
junctional tissues is usually associatetl uiih the more serious myocardial 
diseases the outcome of uluch is always uncertain Digitalis uould be 
preferred to quinidine in this instance in addition to the usual methods 
in caring for such a patient Theobromine compounds may be a helpful 
adjunct 

6 VENTRICULAR TACHYCARDIA 

This tyqie may be successfully treated by quinidine although lierc 
as m the case of nodal tachycardia the undcrlving giave cardiac disease 
will frequently advance to close the issue even if the tachycardia is con 
trolled In the early days of quiiiidmc therapy Kerr and Bender reported 
a case where auricular fibrillation and complete heart block cxisieil 
together in an elderly man and in whom it uas projxiscd to test the action 
of the diiig on the isohtcil ventricle On the first occasion the patient 
developed attacks of syncope resembling Adams Stokes syndrome but no 
records could be obtained to show uhal uas taking place m tlic ventricles 
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At a liter date ti'iih more careful obsenation the test uis repeated 
There a recurrence of the attacks and eIectrocardiog;rams and cireful 
observitions uere made dnnng the attacks tihicli proved to be associated 
vvjth brief runs of ventuculir tichjcardn and ventricular fibrillation 
TJie writer ivis the first to surest that circus movements simihr to those 
m auricular fibrillation were probabl) set up in this case when the con 
ducting mechanism was further depressed by the action of quinidine 
rortumtel) the patient survived these attacks which continued inter 
miltenil) for several hours and lived for about seven jears thereafter 
The action of the drug in reducing the iiritabilit) of the heart muscle 
and in blocking the impulses in the conduction s>stem would appear to 
preclude its use in patients with marked degrees of block in the conduct 
ing mechanism Some of tlie sudden deaths dcsciibed ire probibl) on 
the basis of ventricuhr standstill or is>stole of the enure heart Boyer4 
suggested the possibility of ventricular standstill or vcntncuHr fibrillation 
when tlie auricles became regular as the cause of sudden death Levine 
and Stevens*’® reported a case where ventricular tachycardia followed 
auricular fibrillation assoaated with coronary thrombosis After qiuni 
dine in large doses of from oO to i 5 Gm {9 to s”!/ grains) every scv 
oral hours over a period of days die veniiicular tachycardia was con 
trolled The maximum dose finally given was i 5 Gm (aslA grains) 
five tunes in one day Tiiese authors supported the view of Scott that 
qiunidine increases the refractory period of the ventricular as well as 
the auricular muscle There was apparently no evidence of intraventric 
ular block in their case Three other cases of coronnry ocdnuoii were 
mentioned where quinidine restored die rhythm to normal Levine and 
rulton"5 reported ten cases of cardiac disease with ventricular lachy 
cardia where quinidine was given by mouth or intravenously In eight 
cases there was an associated coronary occlusion m one there was a 
chronic mitral valvulitis but m the other case there w-as no evidence 
of organic cardiac disease Quinidine was given m increasing doses up 
to a maximum of 1 5 Gm (22!/ grams) five tunes a day in one case 
The normal rhythm returned in eight of the ten cases Afterwards 
quinidine v\as continued in small doses of from o *’ Gm grains) to 
o 3 Gm grams) diree times a day In one case it vm necessary 

to continue die drug to an amount of *» j Gm ($0 grams) duly for 
months Seven of the patients died and m most cases after an mtcnal 
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of several da>s following the discontinuance of the quinidine Of the 
sev en fatal cases four showed coronary thrombosis one ruptured heart 
one ceiebral embolus and one lobar pneumonia 

Charltons reported a case of ventricular tachycardia responding to 
four doses of o 4 Gm (6 grains) of qmnidine Davis and Spragueio 
reported a case where syncopal attacks and death occurred in the course 
of quinidine therapy The patient was suffering from rheumatic heart 
disease and auricular fibrillation A course of digitalis was followed by 
quinidine and a total of the latter drug of 8 2 Gm (125 grams) was 
given over a period of four days when syaicopal attacks associated with 
ventricular tachycardia appeared previous to death It is likely that both 
digitalis and quinidine depressed the conducting mechanism m tins case 
to bring about auricular standstill and complete block and were responsi 
ble for tlie ventricular tachycardia Spiro and Newman^C advised against 
the further use of qumidme in patients where extrasystoles develop aris 
mg in the course of treatment as ventnculai tachycardia may lesiilt 
and if the latter should be noted the drug is to be stopped at once 

In the past few years a number of reports have appeared on the action 
of quinidine in preventing or terminating attacks of ventricular tachy 
cardii Small doses of the drug have been recommended for patients 
early m attacks of coronary occlusion to pievent abnormal mechanisms 
in the ventricles No adequate proof has been offered that the drug is 
effective for this purpose Escamillai** studied a patient who had minier 
ous attacks of ventricular fibrillation for over seven months and was 
unable to prevent attacks consistently by the use of quinidme The 
present vmter has had similar experience in a young man with parox 
ysraal ventricular tachycardia who v\as followed carefully for several years 
Woodruff 44 however after extensive experience with quinidine at the 
Cook County Hospital m Chicago recommended the drug m small doses 
to prevent both ventricular tachycardia and fibrillation The dosage 
advised for attacks was much lai^er than that given in other clinics and 
unusually large doses were given intravenously without any apparent ill 
effects Hepburn and RykertlS advised the use of qumidme sulfate m 
patients with coronary thrombosts who showed protracted atneks of 
ventricular tachycardia The drug was used only after other measures 
failed "When gastric symptoms or shock prevented the use of qumidme 
by mouth the intravenous route was used The average dose given mtra 
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\enousl) A\as less than i 3 Gm (20 grams) Of nine patients treated 
inirasenousl) si\ surtited and when the attack was terminated the 
accompanj ing shock was reliesed The results are encouraging when 
compared with a series of 17 patients treated pre\iousl\ in 1931 when 
quinidine was not gi\en b) this method Of the 17 patients 14 died 
within 15 days of the onset of coionar^ thiombosis Of the three who 
surtited two were patients with auricular fibrillation who deseloped 
sentncular tachycardia while taking quinidine for its control The Uiird 
patient developed ventricular tachycardia **6 days after the onset of coro 
nary thrombosis The abnormal mechanism disappeared after one dose 
of quinidine by mouth These authors suggested mixing 4 Gm (60 
grains) of quinidine sulfate in 500 cc (i pint) of five per cent saline 
or glucose solution shaking vigorously filtering and warnung shghtlj 
It was then given intravenously at the rate of 100 to iso cc (3!/^ 10 j 
ounces) per hour 

Quinidine sulfate may prevent the onset of vnilricular fibnllaliott in 
tile intact heart of experimental animals Levine^^ showed that ventnc 
ular fibrillation did not tend to octui when the faradic current was 
applied to the heaii of the cat while under the infinencc of quinidine 
This observation does not necessarily prove that the use of quinidine 
will prevent idiopathic rhythms in cardiac muscle in patients suffering 
from coronary thrombosis In such patients previous defects in the con 
duction system and profound functional disturbances arising m the con 
duction system resulting from obstruction of the vessels may compel the 
ventricles to set up an independent rhythm at a low level m the Purkmje 
system if any cardiac activity is to be maintained The action of the 
quinidine in therapeutic doses may cause auricular standstill or further 
increase any fiincimiwJ defect m tlie aunculoventriaihr conduction 
system leading to ventiicuhr standstill Schwirtz and Jezer^J studietl 
two patients with aunculoventnciihr dissociation vvith transient seizures 
of ventricular fibrillation over a period of years They found that v^ben 
the ventricular rate was increased by quinidine ventricular premature 
beats appeared and these tended to appear in groups leading to attacks 
of ventnailar fibrillation 

In the writers clinic very few patients with ventricular tachycardia 
have been treated with quinidine In these few the results have not been 
satisfactory Only in those cases where there is great discomfort from 
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the t'ich)cardia and uhere tlie patient has reco\ered soincuhni from the 
commonly assoaated symiptoms of coronary occlusion is the use oE qmni 
dine justifiable The size of the dose required is so great and the changes 
in the cardiac muscle and conduction system so sariable from hour to 
hour that the presence of tlie drug may be regretted before it can be 
eliminated from the body Funhermorc the parovysmil and transient 
nature of tlie attacks make it difficult to drat\ conclusions as to the 
efficacy of the drug It is likely that intrascnous glucose and drugs like 
potassium may sene a more useful purpose m this type of arrhythmia 

VII REASONS FOR FAILURE 
These are chiefly due to an improper selection of cases When no 
better cardiac function can be hoped for i\iih a regular auricular rhytlim 
as in complete heart block the drug should not be used In tliosc patients 
uitli advancing myocardial disease and hypertrophied and dilated hearts 
or in those nitli late complications of tahuhr disease there is little 
chance of success and if this is accomplished the danger of accidents is 
so great as to contraindicate the drug Some pliysicians have been too 
timid m the use of qmnidme and have given inadequate doses Others 
have failed because the drug was not kept up at frequent imervals day 
and night An idiosyncrasy may result in failure or to\ic symptoms or 
prolonged use may call a halt before adequate dosage has been given 

VIII TOXIC SYMPTOMS 

These are not infrequent Tlicy are csscmially tlie same as iliosc 
observed with quinine therapy Buzzing in the ears headache vertigo 
sisual and mental disturbances arc observed but from personal e\pen 
ence less fiequcntly tinn from quinine A number of patients have 
lakcw o va or o " Gm or 3 gTawr) of qwuwdvvvc rultaic tUtcc or four 
limes daily for scars for annoving exirasystoles of aiiricular origin in the 
face of slight deafness which apparently v\as provoked by the action rf 
the drug The drug was so effcctuc 111 giving relief from the pilpiiation 
that the patients chose to tolerate the deafness in preference to the 5 yfiq>- 
toms caused by tlie airhythmia Anorexia nausea vomiting and ihpr 
rJica are coinnionlv observed in those patients who lexcivc htge single 
doses and diarrhea may be troublesome when tlie drug is given over a 
long period of tune Along w ith these symptoms there may he alKlominal 
pains of a spasmodic character The dtarrhfa may be improvetf by the 
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use of ^ blind diet ind bismuth oi piregoric if it is desirible to conuniic 
the drug Rashes ire described is with quinine These ma) be urticarial 
scarlatiniform or morbillifonn in nature ind are of a transient chaiacter 
Petechiae mi) be noted occasionally rvhen Che heart becomes regular and 
may be associated with subacute biciernl endocarditis or the toxic action 
of the dnig Respiratory failure dyspnea precordial pain and attacks 
of syncope ha\ e been described but are not common These attacks may 
be associated with arrhyilimias heirt block or standstill uhich occur in 
these cases or may be on the basis of an embolus to the brain Caffeine 
has been recommended as an antidote if collaf)se occurs 

A persistently rapid ventricular rate may be due to the local effects 
on the heart or to the action of the drug on the vagus Jezer and 
Schavartz 21 described a i i flutter with an auricular rate of 200 per min 
ate, followed by ventricular tachycardia and ocular toxic symptoms m a 
patient with auricular flutter who was treated with quinidme In some 
cases the rapid ventricular rate or palpitation will make it advisable to 
discontinue treatment unit! after a course of digitalis A persistently 
slow ventricular rate with auricular fibrillation or auricular flutter and 
a well defined block contraindicates the use of qinmdine an increasing 
block in the atiriculoventricuhr conduction system while under treat 
ment, should be 1 warning signal against further use of the drug 
Campbell'* observed partial block after conversion of auricular fibnlh 
tion to normal rhythm Extrasysioles especially those arising in or below 
the aunculovcntncular node should warn the physician against ihe 
dangers of nodal or ventnailar tachycardia which may terminate in 
ventricular fibrillation and death Fischerl 3 noted bigemma during the 
administration of quinidine m a case of auricuhr flutter A course of 
digitalis after an interval may make it possible to try qmnidine again if 
much IS to be gained by securing a regular rhythm 

Spiro and NewananSC cautioned against further use of qumidme 
when the ventricular rate rose to 125 per minute or more Auricuhr 
flutter may be noted during the transition period from auricular fibnlh 
tion to normal rhythm as observed by Warren 37 Prolonged intra 
ventricular conduction tune and inverted T waves v\ere danger signs 
Boyer 4 Davis and SpraguelO md Wolff and WiiteJa wnrncd against 
the dangers of aurjeuJar standstill during the intermediary stage when 
the rhythm became regular after aunailar fibrillation The possibility 
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of standstill of the t\hole heart ^\as recognized as a cause of sudden deaili. 
Padilla and Cossio^i noted terj' marked local and general toxic symp- 
toms after the mtraxenous method of administration. Pain u'as described 
along the \ein and in the entire limb at the time of injection. Follouing 
this, there r\as frequently lassitude and drousiness. pallor, chilliness, 
\isual disturbances and nersoiisness (especially in uomen), vertigo, sen 
sations of intense precordial pressure, nith or uithout dyspnea, nausea, 
vomiting, and other disagreeable symptoms. It vsoiild seem that the 
dangers of thrombosis in the veins vsoiild be great with this method of 
injection and that local inriltrations and sloughing at the site of injection 
might follow any spilling of the solution into the tissues. The general 
svmptoms reported are sufficient and of such frequency that this inctliod 
should be adopted as a routine vsitli hesitation 

IX. ACCIDENTS AND SUDDEN DEATHS 

These have been numerous enough after quinidine to require spcci il 
mention They fall into three categories: (i) Embolism, resulting from 
the dislodgment of a fragment of thrombotic material on the auricular 
or sentriciiJar nail, or on a valve, especially in subacute bacterial endo 
carditis, has been observed in a number of cases The appearance of 
the embolism at the time when the normal rhythm is resumed in auricu 
lar fibrillation is so definite in a few cases that the relationship cannot 
be doubted. Honever, there have been several reports of control seiies 
which indicate that embolism is no more frequent in such cases than in 
tliose treated with digitalis or even without treatment. If patients to be 
treated are carefully selected and Uiose with subacute bacterial endo 
carditis excluded, as well as tliose in whom the chambers of the hcait 
are greatly dilated and where the action of the heart is poor, the dangers 
of embolism v\ill be minimal In patients with a previous history of 
embolism, a long time should elapse before quinidine is tried, or it 
should not be used at all. 

(2) Cardiac siaiidstill has been suggested by While and his co workers 
as a probable cause of death in a few* cases. If llic auricular aciivitv 
should cease during tieaiment and the ventricles also should be in sucli 
a state that independent rhythm could not be established, death would 
ensue. If care is taken not to use quinidine in patients who liave well 
defined block in the conduction system, these accidents mav he avoided. 
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Standstill of the heart may well be the commonest cause of sudden 
deatii in patients t\ho are taking the drug as the following case notes 
will illustrate Mrs J S 50 years of age had been under trcaimcm for 
two years for congestne heart failure arising in association with piro\ 
\smal auricular fibrilhtion There had been a rheumatic mitial valvulitis 
of long standing with great enlaiy,enieiit of the heart and a relative tri 
aispid insufficiency The discomfort occasioned by the abrupt onset of 
the attacks of auricular fibrillation was great and the symptoms associated 
With the simtthaneous congestive faihire which quicklv sujieivenetl were 
so distressing tint an attempt was made to teiminate in attack which had 
persisted for two davs by the use of qutnidtnc The drug wis given in 
doses of 0 4 Gm (b griim) cverv six hours day mil night On the 
second day after 2 4 Gm (36 griins) had been given without sympioins 
I was listening to the heart when there was i cessation of all cardiac 
sounds the patient suddenly relaxetl became very pale and lapsed iiuo 
Unconsciousness tthin a feu seconds uhicfi seemed hours slig/it eva 
nosis appearetl and consciousness promptly returned as the cardiac sounds 
reappeared ElcctrocartUo„rams taken soon thereaftci showed an absence 
of luncular activity which previously and subsequently could he demon 
strated It must be assumed that ciUier vcninailar standstill or veniriai 
hr fibnllaiion precipitated the attack of syncope Upon withholding the 
quintdine the auricular activity was resumed and digitalis was used 
(3) Venmculir extrasysioles nny be the forerunners of the nunc 
seiioiis complications of xitiiriculat lachycardw and venlucular fibnll/i 
Itou In those patients of advanced years with coronary vascuhr disease 
hypcuension or mtraventncuhi conduction defects qmnidine if used 
should be given with great caution Ventiicuhr tachycardia arising in 
such cases is likely to be paroxysmal in nature and if the drug is at once 
stopped there is hope that tJicy will cease as soon as the drug js eliimnaied 
From the bqd) Ventricular ftbnlhtion may also be paroxysmal and in 
the same manner may piomptly cease with recovery lE the quintdine is 
withdrawn The writer leportcd one such case m the early days of 
quinidine Tliese transient attacks were associated with attacks of syn 
cope and cyanosis resembling Adams Stokes syndrome To sliovv the 
possibilitv of quintdine acting in the opposite manner the case of Docki 1 
IS mentioned He reported the case of a young man of 36 years who had 
liad frequent attacks of syncope for 18 months An electrocardiogiam 
in a firief attack showed veiitnaihr tachycardia or ventricular fihnlla 
tion rate 280 per minute After an injection of adrenalin 03 cc 
(r, minims) of 1 1000 an attack was induced with a rate of 190 to •’oo 
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per minute This patient was placed on qumidine sulfate 03 Gin 
(5 grains) three times a daj and during the succeeding )car had onlj 
one attack This indicates the possible value of quinidine m spontaneous 
attacks of ventricular tachjcardia or fibrillation as suggested b) Levine 
and his co workers In a personal case of paro\)smal ventricular tacli) 
cardia in a )Ounginan qumidine was ineflectue in controlling the attacks 
but excellent results were obtained vvilh potassium salts 

SUMMARY 

eddSO has brief!) summanretl the prev'ailing opinions concerning 
the value of qumidine 

In conclusion from the pharmacologic standpoint qumidine is an ideal 
drug It IS readil) obtained in a pure state inexpensive prompil) absorbed 
from tlie stomacli or it can be given parcnterallj its excretion is rapidl) com 
plete us powerful action can be measured quanutativcly in animals and man 
and Its high degree of effectiveness is combmetl with rclativcl) low tovicit) 
But m therapeutics the use of this almost [icrfcct drug is grcailj rcsiricicd 
It is indicated onl) in disorders of the cardiac mechanism occurring m reason 
ablj sound hearts And in this hmiietl field die resuhs are oficn disapjiointing 
not because of an) fault on the part of the drug but because of iht compltxiiv 
of the mechanism that must be acted upon However b) judicious use ever) 
one msy have a sufhcient number of brilliant successes to make quinulnit a 
worth) addition to the cardiologists armamcnianuni 

In the WTiters clinic a somewhat more ojitimistic view is taken at 
the same time recognizing the restrictions placed upon the use of this 
dnig The cases where the drug is indicated are careftill) selected It is 
given b) mouth at frequent intervals in increasing doses until the desired 
effect has been obtained or until toxic s)mptonis make it ncccssar) to 
discontinue its use After the normaf rfi)tfim has been restoreef the 
drug IS usualh contimied for an indefinite period in su/Tiritm doses to 
maintain this rhythm or until the advancing underlying process calls 
for other drugs chiefly digitalis In cases where tlic arrhythmia is 
iransieiu and associated with infections tliyToid disease or after opera 
tions the drug is only icmporanlj used 

In many cases qumidine is a valuable adjunct 10 digitalis therapy but 
in many cases replaces the latter as the drug of choice It has been over 
a hundred years since digiualis was introduced into medical practice and 
It can safely be said that it is still impro|jerly used by many physicians 
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IE the physician ivill apply what is already known about quinidiiie he 
mil render a great senice to that ever increasing group of cardne 
sufferers 
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CHAPTER XL 


TOTAL THYROIDECTOMY IN THE TREATMENT 
OF CHRONIC HEART DISEASE 

By Herrman L Blumgart, and Joseph E. F. Riseman, M D. 

The present daj treatment of congestive heart failure and angina 
pectoris offers much to prolong the comfort and useful life of patients 
suffering from tliese conditions There frequently is a period in the lives 
of such patients, however, when medical measures are no longer adequate 
and the patients are forced to restrict their activities to such a marked 
d^ree that they become dependent on others for even the bare necessi- 
ties of life and in many instances are confined to a bed and chair exist- 
ence The purpose and aim of total ablation of the normal th)Toid 
gland is to enable some of tliese individuals to attain again a life of 
comfort and activity. 

Experience has shown that complete removal of the normal th)roid 
gland is a valuable addition to the treatment of severe dironic heart 
disease. This method is not suited to all patients. It is a highly special 
ized procedure requiring great care in the selection of cases, preoperative 
preparation, operative technic and postoperative supervision. With 
proper attention to these matters, many patients with incapacitating 
chronic congestive failure, angina pectoris or cardiac astlima will attain a 
degree of comfort and activity which would otherwise be denied to them. 

PHYSIOLOGY 

Patients with heart disease experience discomfort v\hen the damaged 
myocardium, valves or blood vessels are unable to maintain a circulation 
sufficient for the needs of the body. Treatment under such conditions 
is directed towards decreasing the needs of the body and at the same time 
improving the circulation. The value of rest in the treatment of heart 
disease is well known, the decrease in the meubohc needs of the body 
following total ablation of the tbyToid relieves the heart of a considerable 
portion of its burden. 

( 1230 ) 
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The uork done b) the heart is indicated b) the cardnc output or 
die \elocity of blood floi\ is considenbly less m patients isith myxedema 
than m indiMduals avith normal metabolic requirements Patients with 
myxedema suffer no symptoms from this slots circulation for the needs 
of the body are lessened to the same d^ree as the decrease in circulation 
Following’ leniotal of the thyioid gland the needs of the body in patients 
with heart disease aie decreased considerably as shown by a decrease in 
the oxygen requirements the work of the heart is lessened and a diminu 
tion or disappearance of the symptoms of circulatoiy inadequacy (con 
gesuae failure angina pectoris or cardiac asthma) occurs Furthermort 
continuation of relief from overwork enables the heart to recuperate 
from the effects of prolonged excessive strain and permits the heart to 
increase its reserve 

Our knowledge of the interrelationship between the thyroid and 
heart disease dates back to the original description of thyrotoxicosis by 
Parry in 1825 when he described exacerbation of congestive failure with 
exacerbation of the signs of thyroid toxicuy The well recognized bene 
fits conferred on thyrocardiac patients by subtotal thyroidectomy induced 
several investigators between 1919 and 19*12 to umove part of the normal 
thyroid in patients suffering from nonihyrogenous heart disease but the 
results were unsatisfactory Subtotal removal of the normal thyroid 
gland results in temporaiy lowering of the basal metabolism with coin 
cideinal temporary improvement of ilie symptoms of cardiac failure 
total ablation 0/ ever^ vestige of thyroid tissue is necessary to insure 
permanent hypometabohsm with the resultiut prolonged chnical 
improvement 

TJie relief from precordial discomfort and attacks of angina pectoris 
immediately following total thyroidectomy m some patients deserves 
special mention It is evident from the numerous operations devised 
to interrupt painful sensations from the heart that cutting the cervical 
or thoracic sympatlieiic nerves at any one of a number of different 
points results in immediate but temporary disappearance of cardnc 
pain Thus we find tint cervical sympathectomy has been performed in at 
least eight different anatomical regions and tint the thoracic sympathetic 
chain has been attacked in many different ways with relief from pain 
Sympathetic nerve pathways m close association with the thyaoid gland 
and Its blood vessels have been demonstrated Immediate relief from 
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precordial discomfort freqiicnllj ensues when the blood tessels m the 
th)T0id gland are sectioned or the tlijToid is remoted [roni its bed. 
This relief is iistiall) confined sold) to that side of the bod) on whith 
the operation has t-rken place and is tisttall) of tcntfHirari (scteral weeks) 
duration 

It is unlikely that a decreased sensim it) to CjMnej)lirine is an in^iortant 
factor in the relief following total th>Toideciom) . There is little csidence 
that the s>mptoms of congestive failure, cardiac asthma or .angina pectoris 
are induced b) either a h)pcrscmiiivit) to epinephrine or an increase 
m circulating epinephrine riirtliemiorc, studies of the response to 
epinephrine injected intravenousl) before and after total th^roidecioni) 
reveal no important differences. 

RESULTS 

The results of total tli)toidectom> in inoic than loo clinics through 
out the world are now available. This comprises experience gained dur- 
ing the past six >ears in the treatment of more than 800 patients. .\ 
sufficient Jengtli of time has el.ipsed and a suffiriein number of |iatients 
have been treated b) total thvTOidcctoni) to enable one to evaluate the 
lesulis (Figs 1. 2. 3. 4) . 

It is ev idem that tluring the first )car follou ing the operation approvi* 
maiel) one half to thrcc-fourtlis of the patients aie markedly improveil 
in that the) have either no recurrence of ihcir symptoms or esperiente .a 
marked decre.Tse iii the freqiiciic) and seven’tv of symptoms despite 
physical activity greater than that jxissible before operation (Cases 
i. 2, 3. i) . Another 10 to 15 per cent of paiienus although uinhlc 10 
increase their activity experience a definite decrease in the frequency 
and sevcriiv of attacks of angin.-i pectoris, roiigcstivc failure or cardiac 
astiima. 

A sizable projxirtion of those jwticnts who show clinical improiemcut 
for more tlian one year after operation show coniinuaiinn of marled 
improvement. This is evidently due to the fact that tlic undeilving 
cardiac pathology is practically stationary and that the rest afforded the 
heart may lead in some of these rases to further definite clinical improve 
tiient Tlie operation does not alter the underlying cardiac jiaihologv or 
the progressiv e nature of tlic disease: the inort.aJitv during the years follow • 
ing total thyToidcciomy is high, therefore. It must 1)0 rcmcmhcrcd thM 
these patients bad suffered from carduic disabilitv for months or ve-if' 
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Kunberniore, many, espedaJly tho&e with arteriosclerotic iieart disease, 
were more than 55 or 60 )ears of age at the time of operation (Case 1) . 
Prognosis for such individuals is extremely unceitain, but die seveiit) 
and duration of symptoms togeiliei uith the adsanced age suggest a 
slioit life expectancy. The impiesston cannot be escaped tfiat the lives of 
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many of these indisiduals Jtate been pioloiiged by toial iJiyroidectom). 
This is especially true in patients sviih congestixe failure or cartliat 
asthma wlieie the diniinmion of demands on the damaged >n>oairdjum 
lias apparently interrupted a \icious cycle which in itself might ha\e 
resulted in death without any progression of the underlying pathology. 

The mortality in the years following o|>eration is highest in {wtienis 
with paroxysmal dyspnea and lowest in those with angina pectoris. The 
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meclianism o£ death is that itsuall) obser\ed in cardiac patients. Indi- 
viduals iMth congestive failure die of embolic phenomena, subacute 
bacterial endocatditis, acute rheumatic fever or congestive failure. Pa 
tients with angina pectoris or cardiac asthma usually die of coronar) 
thrombosis or left ventricular failure. 

37 PATIENTS WITH ANQNA PECTORIS 
NUMBER OF PATIENTS 

5 »0 IS 20 25 30 iS 4f) 

— — — I 

1 ^ — -- T i -» 

' t I M HARKED IMPROVEMENT 

I "1 ^MODERATE IMPROVEMENT 

□ slight improvement 
I I no improvement 
NO OPERATION— 51 PATIENTS 

■ _ — — =sn 

FicesE 2 Results during the lim fne )€ars folloiviiig lonl tlnToiiIcctcimj in 87 
patients iviih angina pectoris compared svuh Uie resulu obtained m 51 similar patients 
who were not treated by operation 



ss patients with congestive failure 

NUMBER OF PATIENTS 



■I MARKED IMPROVEMENT 
^ MOOERATE IMPROVEMENT 
mSUCKT IMPROVEMENT 
I 1 NO IMPROVEMENT 

FicinF 3 Rniilis dimn^ ihe fosi fise >ean following total ihsTOitlettomv 
in 33 patients with congwiitc tailurc 


Comparison of the results m congestive failure with those in angina 
pectoris and cardiac asthma. Tlie results in congestive failure and those 
in angina pectoris or cardiac asthma are equall> striking; difTcrcnres are 
observed, however. The relief from cardiac pain is more spectacular for 
It becomes evident immediaicl) afier operation before the basal metabo- 
lism has become loviercd. This "earlv relief" is due to inicrniptioii of 
afferent nerve impulses from the Iicart to the brain. It is ustnll> 
temporary, for if the basal metabolism is maintained at ihe prcopcraiivc 
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level by thjroid idmmutration angma umhII) returns vvithm a feu 
uceU TJie more permanent relief of tlie pain is coincident uitli a 
drop in basal metabolism occtining duiing the weeks following total 
thyroidectom) 

Patients i\ith angiin pectoris are more hkelj to be able to undertaU 
he3%') phjsicnl exertion after opeiation Unn are those isith congesii\e 
failure ot cardiac asthma This is to be expected for angina pecions 
IS an expression of locahred ischemia ivhereas congcstiic failure is an 
expression of disabiht> of the heart as a nhole The marked incapacm 


TtME POST-OP 

0- 1 YRS 

1- 2 YRS 

2- 3 YRS 

3- 4 YRS 

4- 5 YRS 


TiGtfRE 4 


22 PATIENTS WITH PAROXYSMAL DYSPNEA 

NUMBER or PATIENTS 
to IS 20 



■ marked improvement 

^MODERATE IMPROVEMENT 
QSUdHT IMPROVEMENT 
I I NO IMPROVEMENT 
Rnulu during ihe fni fuc >ean folio ving loial thiroideciomy 
tn 23 paiHMs » jiJj pvt vsonl d^N/ones 


of patients luth congestive failure prior to operation makes results 
equall) gratifying for although unable to undertake heav^y physical 
labor these patients become able to care for themselves are no longer 
entirely dependent on others and are able to enjoy some of the pleasures 
of life which were previously denied them Patients with cardiac asthma 
usually lose their symptoms immediately following operation and ate 
Free from attacks of paroxysmal dyspnea for months or years Such 
patients however are usually unable to undertake any heavy physical 
labor because of the seventy of the underlying condition 

COMPARISON WITH RESULTS OBTAINED BY OTHER 
methods of TREATMENT 

Thyroidectomy is best reserved for those patients who arc mcapaci 
tatecl despite medical treatment The fact that many of sucli patients lose 
their symptoms and regain an appreciable degree of actinty fnllouing 
thyroidectomy is of considerable importance for tlierc is little reason 
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to belie\e that fuiiher continuation of medical therapy alone tsould 
be attended b> such striking impro\emcnt (Case 4) . 

The medical treatment of cardiac asthma is especially unsaiisfactors. 
Fets’ such individuals remain free from attacks follouing bed rest, digitalis, 
diuretics or intravenous glucose; in addition the life evpcctancv is 
rarely more than two years. Following total thyroidectomy approximately 
half such patients lose their attacks completely, many more arc able to 
increase their physical activity considerably and approximately one fifth 
of the patients, despite their advanced years, arc able to carry on for four 
to SIX years after operation (Case 3) . 

Medical treatment in congestive failure frequently yields sniisf.ictory 
results riiyroidectomy should be reserved for those individuals who aic 
incapacitated despite medical therapy (Cases 2, 4) . If 50 per cent of 
these individuals, otherwise doomed to a bed and cliair existence, expeu 
cure increased comfort, lose tlie signs and symptoms of congestive failure, 
aic able to be up and about, watt on themselves and visit friends or ilie 
theater, the results may be considered woitli while. Aciinllv many of 
these patients are able to be economically self sustaining. 

The numerous methods advanced for the treatment of angina pectoris 
bear witness to the inadequacy of medical therapy tu many instances. 
Observation of patients who have refused operation or w'fio because of 
low* basal metabolisms were not treated surgically shows that few indi- 
viduals under the usual methods of medical supervision rq»ain the 
degree of relief obtained by operation. Tlie mortality and frcqticncv 
of coronary occlusion is approximately the same with Ixith metluxls 
of treatment while progression of the severity of symptoms is probibb 
more frequent in unopcraled cases. 

Alcohol injectuin of the upper thoracic syinpitJietic cfuiin h.is rn.irij 
proponents Freedom from severe and uncomfortable anginal pain is 
frequent following this procetitirc, howevw, and 'W'hite as udJ 

as others have commenied on the distressing neuritir jwin which fre 
qucntly follows this simple operation; this neuritis may be constant, 
frequently persists for months and may lie as distressing to the |>aticni 
as the original angina fxrctoris. The exercise tolerant e is not incrcasctl 
appreciably following alcohol injection; patients still cxficrieiice discom 
fort on exertion but this is usnall) less troublesome, of a differciu dur- 
acter and in a different location than before injcriion. Total thvToidec 
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ioni> >ields better results iii patients uh normal basal metabolic i lies 
preopentively alcohol injection is best resened for those individuals 
with low basal metabolic rates or rapidly progressive disease 

Oil! experience with denervation of the thyioid gland (according to 
the technic of Horgan and lyonl in several patients has not been 
encouraging Disappearance of ilioracic angina frequently results but 
pam in ilie arms or the jaws on exertion is raiely affected by this pro 
cedure furtheniiore the benefits ire no more prolonged than by other 
methods whicfi simply section sympathetic ncives Experience with the 
Beth oi Shaijgnessy technic of inneasmg the collateral circulation to 
ilie heart by anastomosing the myocaidium with the chest wall oi the 
omentum has not yet reached proporuons necessary for confident evaliia 
tiou The results to date apjicar promising but the opeiativc hazauls 
ai e gi eat 

A study of those patients who have not done well after total thyroider 
lomy reveals valuable infornntion regarding the criteria for proper selcc 
tion of candidates for the ojicration Such individuals can be divided 
into two groups— those in wliom the results weie never satisfactory and 
those individuals who showed definite improvement but who either died 
within a short time afiei operation or redeveloped their preoperaiive 
condition 

Most patients who obtained no benefit from the operation had pre 
operative basal metabolic rales lower than nnnns irj per cent Such indi 
viduals developed myxedema soon after operuion without a further drop 
in metabolism sufficient to bestow adequate benefit others Ind so little 
caidiac reserve tint it was impossible to keep them edema free even while 
under hospital supervision Still others were patients who were operated 
upon while suffering from an acute progression of the disease due to 
acute rlieurpatic fever or recent coronary occlusion 

Several factors are responsible for the lack of prolonged maintenance 
of improvement in some cases The progressive nature of the underlying 
disease is of major importance Patients with caidiac failure due to malig 
nant hyjiertension or syphihuc aortitis while relieved by the procedure 
and enabled to assume a more active life vvitli marked diminution in 
symptoms have shown nevertheless a progressively downhill course 
\ ovmg patients with iheunvatic heart disease may develop acute cxaccrba 
lions of the rheumatic process which superimposed on the previous dam 
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age results in recimcnce of congcsiuc failure Similirl), paticms uith 
coromr) arteriosclerosis maj dcselop a fresh coroinr; occlusion null 
the aticndant ni)ocar(lnI tlaniagc It is as if the lands of tilt clock Here 
turned back gising the |iatient a degree of comfort similar to lliai nhicli 
they had enjoyed months presiously but m the course of time the disease 
progresses so tint s)mptoms ngim de\cIop 

Imdequate postopentne supcrnsion Ins been another cause for fail 
ure to maintain the benefits obtained during the first feu mouths after 
operation In scieral instances patients i\ho travelled to other parts ol 
the country were given large doses of tiqroid This was follovNed b) return 
of symptoms and in some instances b) dcaib 

TECHNIC 

Experience has shown th u strict observance of certain details is csvtii 
ttal m order to obtain satisfactory improvement in a masiinum number 
of patients and at the same time assure a low operative mortality and 
absence of postoperative discomfort 

T \BLE I 

I Sflfctios of Casfj 

1 Sntioinry or slovsly progressive course despite adequate lucihca! 

thcrap) 

2 Basal mciahohsni higher than luintis 15 per cent 

3 No contraindication to suFRCry (active luftctinn rcccni coronary 

occlusion renal insiilTcicncy or failure to Jove edema after 
adequate prolonged medical care) 

II pRlOrFRATIVF PrEI ARATION 

1 \dcquaie use of rest digitalis diuretics vasodilators sedatives 

and if iiecessars o\ygvu iii <mUr lo get patient talciua free 
and in the [lovsiblc cmidiiion for f>/>ennon 

2 Test patients vcmuisuy lo anv vluig vslucU ma\ Ik used diiniig 

or iiiimediatclv following operation 
III OriRVTivF TrrnMc 

1 Minimum sedation Iwforc during ami after ojicranoii 

2 Local anesihcsn 

3 Complete removal of cverv vestige of thvroid tissue 

1 \void injury to recurrent laryngeal nerves 

5 Preserve parathyroid iissiit 

r. \dcquaTC fluids (lOOO to 2000 cc) by inomli j>oxu>j>erUi\tlv 

7 Careful observation for si^ns or svtiipuuns of recurrent lanngcal 
nerve parahais or panthvroid insufTicicncv 
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IV POSTOPERATU E SUPERMSJON 

1 Frequent examinanons 

2 Contmued bed rest until the basal metabolism falls at least 15 

per cent 

3 Increase nciuii) gradualU 

4 Readjust digitalis dosage 

a Start thjroid therap) on first definite clinical esadence of h)po 
tIi)Toidism 

G Keep thjToid dosage as small as is consistent uuh comfort If 
necessar) to increase dosage do so b\ small increments 
I Selection of Cases No indnidtnl should be considered for total 
tbyroidectoinj tvho has not Ind the benefit of adequate medical care m 
eluding a period of complete bed rest Patients %vho ha\e not been on an 
adequate medical regime ina^ respond satisfactonl) to such supervision 
and ma) not need surgical mtcneniion foi months or >ears lE at all 
(Case 5 ) 

It IS impoitant to evaluate the rale of progress of ihe disease The 
most beneficial results have been obtained in patients nhose clinioj! 
course has been relaiivel) stationary Patients whose duration of cardiac 
symptoms is only a few momhs are not suitable candidates for they may 
well improve without operation or their covirse might be progressively 
downhill despite the procedure Individuals with a recent e’cacerbaiion in 
symptoms are not suitable candidates for while the benefits may be stnk 
ing during the early postoperative months as the disease process pro 
gresses these benefits will not be maintained This is especiallv striking in 
patients with syphilitic heart disease malignant hypertension lecent 
coronary occlusion or cases of active rheumatic infection 

A low basal metabolic rate prior to operation makes total thyxoidec 
tomy inadvisable All the evidence to date indicates that the success of the 
procedure is related to a satisfactory lowentig of the basal metabolic rate 
Patients with a basal metabolism of minus "o per cent or beIov\ usually 
develop myTcedema soon after oyiention liefore the metabolism has been 
able to drop siifficiently to result m any relief of symptoms In jiaiients 
vuth a basal metabolic rate of approximately minus fifteen per cent care 
ful clinical judgment is necessary in deciding wJicther ihc openiion mav 
be expected to yield favorable results \n elevated scrum cholcviero! or 
other clinical evidence suggesting mild hypothyroidism should weigh 
against operation vsheieas if these manifcstattons arc absent and the 
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pitient IS nenotis md hjperacme operation may afford consideiable 
benefit 

Operation is inadMsable in patients tshose medical condition is due 
to an acute process such as actite riieumauc infecuon or recent coronary 
occlusion such individuals frequentU show striking impro\ement as the 
acute process subsides and furthermore are poor candidates for surgery 
of any sort 

Terminal or extremely adaanced cases should not be subjected to the 
procedure The drop in metabolic rate and its coincidental benefiria! 
effect does not ensue for several uceks after operation If the probable 
duration of life uill not permit this drop m metabolism operation should 
not be performed 

II Preoperative Preparation Patients uiih chronic heart disease 
are notoriously poor risks for operative procedures Experience in nnny 
clinics has sliown however that the operative mortality is less than five 
per cent if certain precautions are taken Most deaths occur jn patients 
with congestive failure This emphasizes the necessity for removing all 
evidence of edema before undertaking operauon The procedure is an 
elective one and tlie physician may take as much time as is necessary in 
order to make the patients preoperaiive condition as favorable as pos- 
sible In patients with congestive failure many weeks or months of com 
plete bed rest and close medical supervision may be necessary in order 
to make tliem suitable candidates for operation (Case 2) Patients with 
angina pectoris similarly should receive a penod of hospitalization before 
undertaking operation The occasional relief or disappearance of anginal 
attacks even in seveie cases follovsing hospitalization is vxell known (Case 
5) In such individuals the mental relaxation brought about by hospital 
ization together with the relief obtained from vasodilators sudi as the 
more effective purines (theobromine sodium acetate) or small doses of 
nitroglycerin at hourly intervals minimizes the hazard of operation 

It is of considerable importance to test the patients sensitivity pre 
operatively to all drugs which may be needed after the operation A penod 
of excitation following the use of a sedative may be a serious matter dur 
in'^ the first ‘>4 to 48 hours postoperatively Sensitivity to morphine is not 
infrequent m cardiac patients 

III Operative Technic Postoperative complications paruailarly in 
patients tilth congestne failure are imramized if focal anesthesia is used 
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ind sedniives are administered as sparmgl> as is consistent ivith the com 
fon of the patient M iili this r^me patients are atvake and raise accu 
mtilated bronchial secretion immedtatel) after operation thereb) reduc 
ing the danger of bronchopneumonia Fmtliermore fluids can be admin 
istered orall) thus a\oiding \enocl)sis or h>podennocl)sis It is best to 
a\ Old all closed methods of anesthesia for these frequentlj tend to increase 
the amount of bronchial secretion and stasis e\en though giten tvith high 
percentages of ox)gen In patients witli angina pectoris nitrogljcerin 
gi\en at regular interrals thiongliout the operation is frequently of talne 

The operation itself requires mettciiJous dissection In order to insuie 
the induction and maintenance of a low basal metabolic rate it is neces 
sary to remove esery sestige of thyroid tissue This can be done as 
described by Berlin wthout injury to the recurrent laryngeal nerves or 
parathyroid glands 

Direct laryngoscopy after removal of one lobe of the thyroid is a 
valuable adjunct in preventing the possibility of bilateral vocal cord par 
alysis The operation is terminated if there is any indication of mjurv to 
the nerve on the operated side and can be completed at a later date after 
sufficient Ume has elapsed to enable the nerve fibers to regenerate 

Close observation and adequate nursing care are needed during the 
first 48 to 78 hours after operation The patient is given only sufiicieni 
sedatives for comfort Narcosis is to be avoided In contrast to the pro- 
cedure frequently followed after subtotal thyroidectomy fluids are usu 
ally limited to 1500 cc during the first 24 hours after ojieration This ran 
usually be taken onlly by the patient Cominuous observation for signs 
of lespiratory distress due to local erlema or vocal cord paralysis is neces 
sary 

PaiithyToid tetanv has not been encountered and parathyroid insuffi 
ciency Ins not been a tionblesoine complication The glandules are re id 
ily recognized during the openuon ami can be preserved fretjuemly 
with blood supply innet A careful cJieck should be made several times 
1 day foi signs of paratliyroid insufficiency This is usually evidenced 
earliest by hyperesthesia or a vague premoniiion on ihe part of the pa 
iient Tests for Chvosteks 01 Trousseaus sign should be made several 
times daily If necessary calcium chloride solution may be given orally 
Injections of paratinroid extract are rarelv needed 
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IV Postoperauve management and supervision is of extreme im 
portance During the first feu months after operauon uhen the thjToid 
dosage and physical actnit) must be adjusted accuratel) pauents should 
be seen eterj tuo to four ueehs After the first jear it is aditsable to 
examine the patient at least once e\er^ three months 

Folloumg total thyroideclom) the metabolism falls and remains at 
a lou le\el The distressing picture of cachexia strumiprua does not 
ensue houeter for as soon as the first definite clinjcal eiidences of h^po- 
ih^Toidism supenene small doses of thyroid are administered dail) 
Experience has shown that the control of postoperatis e mj’xedema is 
feasible but requires close medical supenision The aim is to maintain 
tlie basal metabolism at the louesi possible letel compatible uitli com 
fort and at tlie same time to present the untoward effects of m^'xedema 
Fatigue on exertion sensitisu) to cold imtabiht) or puffiness of the face 
are indications for thpoid therap) and unless ireairaeni is gnen the basal 
metabolism will be louered further, symptoms avill progress and mj'xe- 
dema will deselop at times suddenly m the course of a few dajs 

It IS advisable m starting th>TOid therap) to begin witli G mg (^io 
gram) once dail) After one or two weeks trial it ma) be adMsabIc to 
increase this dosage b) adding 6 mg (> 4 c gram) ever) da) or ever) 
second day The usual maintenance dose vanes from G to i 6 mg 
to 14 grain) (Armour s) once dad) Larger doses nullif) the effects of 
the operation and since the) cause return of the preoperative metabolic 
levels the) ma) even be dangerous Basal metabolic rates and at times 
serum cholesterol determinations are valuable in guiding therap) but 
onl) in relation to the clinical picture In most instances a basal metab- 
olism of minus 25 per cent 10 minus 30 per cent is maintained but this 
ma) var) in different patients from minus 15 per cent to minus 35 per 
cent Experience has shown that sucli a low basal metabolism ma) be 
maintained for five or six )ears wiihoiit an) undue discomfort progres 
Sion of s)mptoms or decrease in the patient sabilit) to respond to ih)TOid 
It is important to remember tliat the undcrl)ing cardiac patholog) 
has not been altered and it is therefore advisable to continue die restrir 
non of activat) until the patient has shovvn definite improvement In 
cases with angina pectoris the early relief of pain may lead patients to 
resume actinty early This is 10 be avoided however, until the basal 
metabolism has fallen 15 per cent to 20 per cent at which time the de 
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imnds of the heart and the m^ocaidial work have been decreased 
Patients with congestive failure are less likely to undertake undue physical 
exeition after operation It is advisable in manv cases however to con 
tinue bed rest for even longer periods than in angina pcctoiis in order 
to allow the heart to benefit b) the lowei metabolic rate and to recupei 
ate from its former overtaxation When the proper degree of improve 
ment has become evident it is j>eimissible to allow the patient out of bed 
under siipen ision and to increase artnitv slot Jy as tlie clinical condition 
wurrants 

It IS almost always advisable to continue digitalis after operation in 
patients with congestive failure The dosage however frequently can be 
decreased slightly 

With the decrease in basal metabolism the heart may show some in 
crease in size except in occasional cases of congestive failure where with 
the reestablishment of compensation theie may be an initial decrease in 
the size of the heart shadow followed by a slight increase when lower 
metabolic levels are reached Tlie complexes m the electrocardiographic 
traangs become moderately reduced m amplitude especially at a low 
metabolic level This is similar to the observations m spontaneous my\ 
edema These changes aic not deleterious however for they are accom 
panied by an improvement in the cardiac condicioti as evidenced by die 
increased postoperative physical activity of die patient Even when con 
tinned for a long period of time tliese changes aie accompanied by no 
hannful effects Many patients have shown such findings for three to five 
years without any decrease m their ability to undertake work and with 
no essential change in their lesponse to thyTOid 

SVfifMASy 

Experience during the past six years has shoun that total thyroidec 
tomj in the treatment of heart disease results in worthwhile improve 
ment in 50 to 75 per cent of the patients Following operation the basal 
metabolism drops and is maintained at a low level cachexia strumipnva 
does not ensue foi small doses of Uiyroid are administered so as to keep 
the patient at as low a basal metabolic level as is compatible with comfort 

The treatment of chrome heart disease by total tliyToulectomy is a 
specialized procedure which requires meticulous attention to details in 
order to obtain the maximum benefit Operation is hazardous m these 
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cardiac imahds and uiJl be accompanied b) a high mortahi) and a Ingh 
percentage of failures unless careful attention is pud to the selection of 
patients, medical management prior to operation, operatise technic 
postoperative surgical care and the medical supervision throughout the 
remainder of the patients life Close cooperation between the surgeon 
and physician is essential Not all patients are suitable for total thjTOidec 
tomy A large number do well on medical care others have a rapidly 
progressive course or are so ill that any operative procedure is inadvisable 
There is a group of individuals who remain incapacitated and show little 
or no tendency to improve or become worse under adequate medical 
theiapy ^Vith proper attention to the details outlined above total tin 
roidectomy offers most of the patients operated upon a measure of com 
fort activity and happiness which otherwise would be denied to them 

ILLUSTRATIVE CASES 

Case 1 Mr GOB a 65vcar old silk salesman was referred from 
the Veterans Bureau for total ihyTOidectomy Following typhoid at the 
age of 32 he developed fixation of the left knee this prevented him from 
being aaive physically He had had a chronic nonproductive cough for 
about 25 years 

For five years he had experienced daily attacks of spontaneous whee/ 
mg lasting 5 to 20 minutes these frequently awakened him from sound 
slumber During these five years he had slept more comfortably using 
three or four pillows For three years he had had swelling of the feet 
siifBcienlly severe at uraes to necessitate rest in bed For four vears lie 
had experienced on v\alking a sensation like iron bands across the chcsi 
being turned by screws On several episodes hvpodermic medication was 
necessary in order to give him relief He had had five hospital admiivionv 
for these symptoms during the three vears preceding entry to the Beth 
Israel Hospital 

Physical examination revealed arteriosclerosis ol the peripheral intl 
retinal vessels The blood pressure was I2t/S0 The luer was palpabh 
two fingers breadths below the costal margin There was no edema His 
chest was emphysemaious The lungs were clear except for occasioml 
rhonclu The heart was of normal size bv x rays Tlie electrocardiogram 
showed low voltage in all three leads, left axis deviation and flat Ti 
Examination of the blood and unne revealed no abnomnlities The 
basal metabolism was plus seven per cent 

Total thyroidccioniv was |>erfomied bv Dr David D Berlin on July 
31 1933 The postoperative course vv'as uneventful W'lihin 2i hours he 
spontaneouslv volunteered the information that the bandlikc cnnmic 
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lion Hindi had been present inttiniuicnily cieri da) diirnn; ilit pasi 
four years had not been present since operation AMiilc in the hospital 
he found that he could sleep Hat uithout dyspnei and could lie on Im 
left side He had no further attacli of aillima no iilieering and no 
precordial pain He was dtsdiarged on die elcienth postoperatiie das 
During the ne\t two months he was seen once eadi week \t no 
ume did he have an\ auaclkS of vvheczing or pain Two months afiti 
operation he tested himself h} walking up a steep hill He had no 
djspnea but experienced mild pain between the shoulder blades His 
weight increased from the preoperative level of 183 pounds to 200 jiounds 
in sjjite of a low caloric diet Five months after operation he returned 
to his work as a silk salesman He noted no pam despite climbing stairs 
several times a dav About tins time be complained of being somewhat 
irritable and had spdls of the blues and a desjierately depressed fed 
mg There were no external signs of myxedema Thyroid 6 mg 
gram) was prescribed during the course of the next month this was 
adjusted so (hat he took 16 mg gram) everv other day With this 
dose Ins tmiabiUty disappeared After about six months of work he 
retired on a pension whidi he received for sen ice in the Spanish American 
Mar He spends Ins winters in Florida iJic summers m Maine coming to 
Boston for examtnacton tn the spring and fall 

Four years after operation he was admitted to tlie hospital for exam 
mation and rcevaluation of his condition The total diameter of his 
heart by \rays was 14 7 an as compared to 13 4 before operation The 
electrocardiogrant showed delayed AV conduction PR interval 024 
second He stated at this lime that he had lost his asthma for about one 
year after the operation following which it had then returned but was 
much less severe much less frequent and did not incapacitate him except 
for a period of several weeks around each New \ear The rest of ihc 
vear he was up and about and quite active For the first six months after 
operation he experienced slight pain between the shoulder blades on 
exertion but since that ume he had had pain about once a year He 
had had one attack while chopping wood another while running up a 
hill to stop a dog fight a third i hile tqwg to land a big fish m Florida 
He experienced no syinpioms of myxetlema unless he omitted his daily 
ihyToid in which case he felt imiahlc and drowsy He required , gram 
of thyroid daily except once every two weeks when he would take an extra 
gram for one day The basal mefiliolic rate wis mmiis 3j per cent 

Comment This patient showed sinking relief from angina pectoris 
following total thyToideciomy He had been incapacitated and practicaJh 
bedridden before operation but 4^' yeais later at the age of 70 lie is 
physically and mentally active and free from pain except under uniisinl 
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physical and emotional activity This case illustrates the small doses of 
thyroid necessary to pre\ent the untoward effects of m)-xedema 

Case 2 Mr W D a 23 jearold boy was first considered for total 
thjTOidectoin} in December 1932 at a hospital for the ciironicallj ill 
Since the age of nine his actuity has been restricted markedly because of 
lieart disease He had been unable to attend scliool or to work e^tccpi 
for occasional periods of a sveek or two when he tried to work as a bus 
boy Any exertion such as stair climbing made him much more short ol 
breath tlian other children and also caused sesere clicking m the throat 
and an aching pain m the anicnor chest radiating to the left shoulder 
A great portion of his life bad been spent m hospitals For one year he 
had been Inmg at a hospital for the chronically ill ashere he had been 
kept free of edema wnth great diffiailiy His activities during this period 
had been limited to sitting in a chair for seaeral hours morning and 
afternoon the remainder of the time he spent m bed M'Jienever fie was 
allowed to be up and about the ward for a few days generalized edema 
developed He had many hemopty'ses He svas beliesed to be too sicl 
for any operatise procedure Four months later his condition was un 
changed and since there was no reason to expect further progress he avas 
admitted to the Beth Israel Hospital for total thyroidectomy 

Physical examination rcsealod the heart to be moderately enlarged 
with precordial bulging There avcrc systolic and diastolic murmurs at 
the apex Blood pressure was 13o/80 There was marked Cheync Stokes 
respiration and fine rales at both bases but no demonstrable peripheral 
edema The cheeks lips and nose aserc qanolic The electrocardiograra 
showed notcfiing of the P wares right axis (hMation delayed A V con 
duction (P R inters al of 0 24) The basal metabolism was plus 5 per cent 
Operation was performed on April 16 1933 He showed gradual but 
steady improvement during an othenvise uneventful convalescence Four 
months after discharge he was able lo walk a total of approximately three 
miles a day without dyspnea 

Six months after operation he complained of feeling tired aff over 
and groggv he could not concentrate or remember things Basal met 
abolic rate was minus So per cent and there was slight puffiness of the 
face Thyroid thcrapv uas started and after a perm 1 of adjustment was 
maintained at C mg (y,„ gratn) a da) Approxtmately one )car attcr 
operatton he began to ttorh on a «PA setttng project and ttas able to 
be self sttfiictent for tile first time m hts life 

Tliree and one half )ears after operatton foliotting cxcessne digttafi* 
thentp) he itaeloped aurtciilar nbiallation He has been obsened several 
times a )ear during the 5>’' )cars since operation but not once has he 
experienced congestive failure cardiac pain or iienioptjsis He lias been 
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ivorLmg ami sell depemlent and nails seicral miles during the course of 
tlie da) 

Comment: Despite constant medical supers ision in a chrome hos 
pital this )oung man s\as unable to remain out of bed for an) consider 
able length of tune Although he foiled to impiove his condition after 
xy* )ears was no worse than when he hist tame to the hospital It was 
reasonable to belieie, therefore, that if the buiden on his heart could 
be reduced, impro\ eincnt would result n\d would be maintained, sub 
sequent events hare confirmed this Suigeiv was not undertaken, houever 
until he vsais freed completel) of edemi even though it required lour 
montlis to do this 

The improvement following total th)roidettom) brought about nevv 
problems He had been too ill fiom childhood to learn a trade or attend 
sdiool, in fact, lie on ned no clothing save pajamas and bathrobes IVhen 
these and related problems were solved he became an independent mem 
ber of society 

CvsE 3 Mr L M, a 53)ear-oJd retired furnntire salesman, was 
admitted to the Beth Israel Hospital on April 26, ID33 Seven and one 
half yeais previously, he wasgranied a life insurance policy at an macased 
premium because lus heart wais ‘ not normal ’ Five years ago he lost his 
business and became depressed his physician told lum hts heart was 
beating too rapidly and ordered him to bed for a period of len days 
He had had no cardiac symptoms until about one year ago when suddenly, 
while asleep, he Vvas awakened and kept av^ake all night by a feeling of 
pressure m the middle of ihe chest, accompanied by difficulty m breathing 
and by choking in the tluoai He felt too weak to go to vsork and 
remained in bed for ten days During the year he experienced from 
6 to 20 attacks of sudden dyspnea each week, these usually came at night 
while he vvas asleep In addition he had a constant sense of pressure 
wuhm the cliest and about once a month he developed severe prccordnl 
pain lasting a few minutes Bed rest was followed by temporary decrease 
in the number of attacks of nocturnal dyspnea but no clnngc in the 
constant feeling of pressure within tlie diest There Jnd never been any 
swelling of the ankles 

Physical examination revealed modente gencnlued arteriosclerosis 
and a niodcraiely enlarged heart vvuh a gallop rhytlim Tlie blood 
pressure was 120/80 The lungs showeil a few rales .at the biscs Tlic 
elcctrocardiogrvin showed left axis deviation intraventricular block, 
deep Sa low T wives m all leads and occasiomi ventnailar premature 
beats He remained in the hospital for about one week during whidi 
2—18 
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period he was coraparatneix comfortable, although on several occasions 
during the daj and night he uould avvaben because of shortness of 
breath He was advised to return home under the supervision of his 
family physiaan and continue the same regime of bed rest sedatives ami 
digitalis Three weeU later he returned, stating that he had had attacks 
of dyspnea every night during bis stay at home 

Operation was performed by Dr David D Berlin on June 9 1933 
The postoperative course was uneventful except for an imtating cough 
and a rather uncomfortable feeling of pressure about the wound Eleven 
davs after operation he stated that he was aware of definite relief and a 
feeling of freedom from the pounding in his chest which he experienced 
before operation He was entirelv free from paroxysmal dyspnea or 
precordial pain 

During tlie next si\ months he was completely free from symptoms 
except for an increase in weight and some hoarseness and difficulty in 
speaking He had inaeased his aettvity considcrabh against advice and 
four months after operation starietl working 10 to 15 hours a day as a 
furniture salesman moving heav^ articles of furniture Tow’ard the end 
of the day he noted a little fatigue and slight shortness of breath but 
nothing compared to wliat he experienced before operation An attempt 
was made to deacase his working hours but he stated he would rather 
die than go back to charity 

About SIX months after operation he complamed of being drowsv 
fidgety restless and irritable His face showed slight evidence of my'xc* 
dema There vvas no edema of the exiremilies. Thyroid J6 mg dailv 
{Vi prescribed Following the administration of thyroid he 

noticed some dyspnea on exertion which disappeared when the thyitiid 
was decreased to 16 rag (i^ gram) twice a week On examination five 
vears after operation patient was still free from paroxvsmal dyspnea. He 
experienced some dvspnca after walking approximately half a mile but 
this was not disturbing His most distressing complaint v\as a salty taste 
m the mouth The liver edge was barely palpable Approximately one 
month later he again began to experience attacks of shortness of breath 
which came on suddenly at night about once every two to three days 
These persisted for several minutes and then recurred three or four 
minutes later for a total of about 15 to 20 minutes These were not as 
severe as lliose experienced prior to ojieraiion 

Comment Medical care including hospitalization failed to free this 
patient of paroxysmal dyspnea Total thyroidectomy, however, give him 
rehef for five years and enabled him to work and be self sufficient diinng 
this time ThvTOid tns not neccssar> for six months after opcrition ami 
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as little as 32 jug gn„,j ^ imtouard 

effects of myxetleim 

Casl 4 Mrs S R a oO^eaioId houseuife had kno^\n of heart 
disease for 20 years This s\as first obsersetl three years after rheumatic 
feser For se\en years she had been troubled bj marked swelling of the 
ankles and abdomen sshich despite treatment at home forced her to go 
to the hospital for about two weeks cvtjy sj\ months She had been 
receiving digitalis for 11 years and wJwJe not actually hedndden her 
activities had been restricted markedly for many years Salyigan injec 
tions togetlier with ammonium chloride therapy had been given once 01 
twice a week for five years rollovving diuresis she would lose 12 to 13 
pounds but v\ould regain the weight at the rate of five to seven pound', 
in three days 

When examined she was very cyanotic and orihopneic. The heart 
was enlargcil to percussion to both the left and the right and also in the 
region of the left auricle There was a systolic ihrill over the apex and a 
blowing systolic and diastolic murmur at the apex The second pulmonic 
sound was accentuated Rate and rhythm were grossly irregular The 
blood pressure was 130/90 There was no evidence of peripheral arterio 
sclerosis The lungs sliowcd rales and a small amount of free fluid at 
both bases The liver was palpable three fingers breadths below the costal 
margin There vvas moderate pitting edema of the lovver legs Diagnoses 
of rheumatic heart disease mitml stenosis and regurgitation with auriai 
lar fibrillation and congestive failure vvere made 

Studies of the urine showed no abnonnabtics Red blood count was 
7 000 000 Basal iiietabohc ntc was mimis 1 1 per cent The clectrocardio 
gram was normal 

Her admission weight was 130 pounds lollovving injection of 
salyTgan her weight decreased to 123 pounds but on continued bed rest 
in the hospital v\uh limitation of fiuuls and a salt poor diet she regained 
four pounds in five days 

On Febniaiv 14 1934 total thyroidcaomv was performed by Dr 
David D Berlin As i |>rophvJacUc measure she was placed m an oxygen 
tent immediately after operation foi two davs. The postoperative course 
was uneventful Her weight was maintained at 128 pounds. There was 
no evidence of fluid m the lungs abrlomen or periphery She was die 
charged one month nfter ojxmition with instructions to remain in bed 
under the supervision of her elocior take digitalis 009? Gm (D-' griins) 
daily and ihyTOul extract Ifimg (5^ gnun) daily 

For the next vtar she coniiinicd to take saijrgan afiont once a week 
hm was able to be uj> ami about the house the greater part of the iinw. 
The hver was usuallv about two fingen breadths below the costal margin 
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The extremities showed no edema Basal metabolism i\as minus 20 to 
minus 30 per cent After the first )ear she was able to be up and about 
the entire daj prepare tJie meals do all die imhing and cleaning for 
the household She had no shortness of breath and no edema of the legs 
but required salvrgan about once eserj two months Her therap\ consists 
of th>Toid 6 mg gram) dailj occasionallj alternating with 12 mg 
('10 snd dtgttahs 0097 Gm grams) dad> 

Comment This patient A\iih rheumatic heart disease mitral stenosis 
and regurgitation and auricular fibnilition hid hid seteral hundred tn 
jections of saljrg^in during manj years but there hid been little pro 
gression of symptoms Total thyroidectomy has embled her to undertake 
again her household duties and has cut douai inirkedl} the necessity 
for diuretics 

The amount of thyroid necessary to present myxedema is between 
go and Go mg (i{. and i gram) a aveek 

Case 5 Mrs B L a housewife aged 55 came to the BetJj Israel 
Hospital on April 26 1935 complaining of attacks of substcmal pain 
during the preceding )ear whidi were precipitated b) exertion and 
ocairred as often as fi\e or six times a day There was no history of any 
prolonged attacks The heart was just n«hm normal limns by \rays 
The blood pressure was 180/8a Electrocardiographic tracings showed 
inserted Tj ind elesated STj Basal metabolism was minus two per 
cent Typical attacks of angina were induced by exertion under standard 
ued conditions 

The clinical course of this jiatient svas obsened at weekly inters ils 
during the next year At least 2o different forms of therapy were tried 
svithoiu complete relief On a regime of markedly limited actiMty (little 
houses ork no shopping and sery hlUe walking out of doors) together 
with theobromine sodium acetate 05 Gm (7j4 grains) and phenobar 
bital 30 mg (1/4 gram) four times a day she was corapiraineiy com 
fortable basing no more thin one attack a day but she wis unable to 
do more without pain \cconIingly she was referred to the hospital for 
total thyTOidectomy 

During 23 days of hospital rest i ith the same medication lier itncks 
disappeared and u was decided to allow her return home for a furthtr 
period of obsenation before undertaking operation Since that tunc she 
has no more tlian one attack a week Her actuiis has been restricted to 
work about the house with essentially no actniis out of doors but on the 
whole her condition is satisfactory and it does not seem as tlioiigli oi>cra 
tion were necessary 



TOTAL THYROIDECTOMY IN CHRONIC HE\RT DISEASE 1251 

Comment: This patient svjth angina pectoris was a suitable candi 
date for th) roidectonri) in that she was incapacitated b) angina pectoris 
despite medical therapy and her basal metabolism was normal Follow 
mg bed rest in the hospital, howeser, her symptoms base subsided so 
that altiiough not free from angina she is sufficiently comfortable so as to 
make thyroidectomy seem unnecessary 
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CHAPTER XU 


HEART AND DEFICIENCY DISEASES 

By Soma W eiss Af D 
GENERAL CONSIDERATIONS 

In certain nutritional states an inttniTte relationship evists betueen 
the disturbince of nutrition and the djsftinction of the heart and blood 
\esseh This is not surprising considering the sensitivity of the cardio 
\ascuhr s>stem to both extrinsic and intnnsic factors and the fact Uiat 
m life one of the closest contacts of the bod) ivith environment comes 
through nourishment Among the nntntional excesses increased intake 
of Calories and the resulting obesity is the onl) i)pe which exerts a 
harmful effect on the heart and in parucuhr on tlie circulation of man 
There is no evidence that excess intake of vjiamms is damaging to the 
cardiovascular s)5tem except in the case of h) pen inminosis D and even 
m that instance the deletenous effect on man Ins not been conclusive!) 
demonstnted Deficiencies of nutrition on the other hand can nffect 
the heart in several v\a)s To understand these cardiovnscuhr d)sfunc 
tions certain general principles should be kept in mind Thus m con 
sidering the interrelationship of nutritional deficienc) and the carrho 
vascular s)stem a clear distinction should be made between undcrnu 
tntion and inanition between water and salt deficient:) on the one 
[land and specific vitamin deficiencies on the other hand In general 
malnutrition due to the simiiUaneoiis and often proportionate reduction 
of Caloric intake iifamins and iniermediar) metabolic processes severe 
s)anptoms of vitamin deficiency are not apt to develop 

Intake of food substances ricli in Oilones but low m vitamin content 
while often associated wath normal or even increased weight is llie factor 
particularly predisposing to deficienq diseases Tlie speafic type of 
vitamin deficiency in isolated form as observed in experimental animals 
IS seldom seen m the clinic Because man seldom chooses his food so that 
It lacks but one vitamin when we speak of a specific type of vitamin 
deficiency disease in the clinic we imply only iliat the deficienq of that 
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particuLir \itaniiii dominates the (.linical jjicture Usuall), ho%\e\er, 
theie is insufficient intal^e of several other \uamins. The clinical signifi 
cance of combinations of several vitamin deficiencies is not knov\n at 
present. 

The average American diet of the indigent and !ov\ income group 
tnaj be adequate in preventing frank deficiency diseases, but it is not an 
optimal diet, and does not supply a sufficient quantity of vitamins to 
create the necessary reserve. These suboptiinal diets are often danger- 
otislj near to being grossly deficient Judging from animal expenmenta 
tion, a diet which is between the optimal and deficient levels may not 
cause classical symptomatic deficiency diseases, and yet may influence the 
development of growing oiganisms This, in turn, may hav'e an impor 
lain influence on tJie ultimate pou’er of resisi.ance and on the Jongev iry of 
individual organs as well as of individuals Sinking examples in the 
Orient demonstrate the development of "epidemic'’ beiiberi in armies, 
consuming a diet containing a suboptiinal amount of thiamin, aftei a 
prolonged maich. or in populations stricken with malaria In this country 
such examples have been obseived during and after pneumonia, typhoid 
fever and other diseases 

It is essential to take ci^nizance of the fact that none of the clinical 
manifestations in any vitamin deficiency is specific. Anovexia, fatigue, 
night blindness, smooth tongue, neuritis, vaiious skin lesions, cardiac 
dilatation, capillary fragility, edema, and changes in the bones and hair 
occur in a number of other diseases. As in other clinical problems, diag 
nosis of deficiency diseases requires a rational analysis of all available 
data. But with a detailed nutritional history’, with the presence of a 
suggestive combination of symptoms and signs, and with the aid of appro- 
priate chemical, physical, and tliciajveiitic tests, the diagnosis of vitamin 
deficiencies rests on as firm a foundation as that for many other diseases 

One may divide deficiency diseases into two groups* (i) Those 
occurring in healthy subjects, (2) those developing in persons m whom 
intrinsic changes predispose to niitiitional deficiencies even in the pres- 
ence of a diet which is not grossly deficient. The first type of nutritional 
disturbance is a primary concern of public healUi; the second is mainly 
that of clinical medicine. 

In addition to the composition of the diet, of primary importance are 
the absorption, rate of titilization. storage and elimination of vitamins 
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These factors are greitlv altered in a number of diseases Thus \anous 
diseases of the gastrointestinal canal luer thyroid and pancreas in par 
ticular maj play a conditioning or a precipitating role Pr^nanc) neo 
plastic and infectious diseases and conditions associated ivith increased 
metabolic rate in general also exert a modifying influence Some of these 
diseases may preexist independently of nutritional deficiencies In other 
instances houeier the nutritional deficiency causes functional or anatom 
ical clianges m the gastrointestinal tract and m other organs and these 
in turn accentuate the predisposiiion thereby creating a \icious circle 
Often some of these conditioning fiictors are hidden and this may be 
responsible for the clinical paradox that out of a group of persons con 
suming the same diet only some de\eIop \itamin deficiency 

The finer meclianism of the induidual symptoms of deficiency dis 
eases must not be considered nanely as arising from a simple lack of the 
speafic nutritional substance in the tissues affected Likewise after the 
administration of Mtamins one should not expect miraculous changes 
Practically all types of \itamin deficiency are accompanied by a senes of 
changes in the intermediary metabolism which cause first biochemical 
lesions later functional and finally structural allemtions These 
changes may progress from a state of easy re\ersibiht> to one of slow or 
nonreaersibility Certain of the deficienaes particularly those of Mia 
min B and D tend to be associated with structural changes of slow' reiersi 
bihty Hence substitution therapy may or may not result in prompt and 
complete restoration of normal functions Administration of Mianuns 
will promptly cure chemical and physiological disturbances and will pre 
^enc further damage but on the repair of seierely damaged tissue iita 
mms may exert little or no effect Such is the case in rickets in poly 
neuritis and to a Jess extent in beriberi heart These facts emphasize 
the importance of preientue rather tlian curati\e treatment If a defi 
ciency syndrome is present actise treatment is indicated The oral ad 
ministrauon of extracts and of food concentrates usually suffices unless 
emergency or specific conditions exist In presentise treatment edtica 
tion of the public is important and in this physicians must take the 
leading role 

GENERAL UNDERNUTRITION AND INANITION 
Prolonged reduction of the Calonc content of the food produces 
significant changes within the cardioaascular system as we ha\e pointed 
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out .13 Fasting or severe restriction of diet results in bradycardia of 30 
to 40 per minute, decreased arterial pressure, and a lowered metabolic 
rate. The lowering of metabolism in clironic undemutrition may be at 
times out of proportion to the loss of body weight. Since the blood flow 
is related to the level of oxj-gen consumption, presumably undernutrition 
is associated also with decreased blood flow and cardiac output. These 
changes may exert a beneficial effect in congestive circulatory failure 
caused by organic heart disease. It is probable that one of the factors 
involved in the beneficial therapeutic effect of the Carell diet is tlie 
cardiac effect of undemutrition. Recently, undernutriiion of short dura- 
tion lias been found useful in the treatment of heart failure includ- 
ing that originating in coronary tlirombosis. 4 , 5 On the other hand, 
prolonged iindermitrition, causes unfavorable changes in the cardio- 
vasailar system, and chronic undernutriiion causes wasting not only of 
the sl,eletal muscles, but also of the myocardium. Ji has been shown that 
in both adult animals and man the m>ocarri)nm may lose 20 to 50 per 
cent of its average normal weight due to chronic undemutrition. As a 
rule the myocardium of young animals and children is more resistant to 
loss of weight so induced. 

The clinical significance of malnun'uion in relation 10 lunction is 
ctQC adequately understood at present, because detailed .studies wth exact 
measurements are not available. However, clinical e.xperience indicates 
that populations afflicted by famine are poor surgical risks. We have had 
ample opportunity to observe that jxjorly nourisbed cats and dogs are 
apt to respond to surgical procedures with sudden cardiac standstill. Tliat 
this type of death can be prevented by preoperative nourishment of these 
animals makes clear die clinical implication that before surgical operation 
of choice is perlomjed malnourislied persons should receh e for weeks, if 
possible, a tvell-balanced diet. 

Among the calorigenic food substances, tleficintc) of protehts and car- 
bohydrates can at times have a special bearing on dysfunction of the 
heart and of the circulation in general. The effect of blood protein in 
the maintenance of the osmotic pressure of blood is well known. If die 
protein content of the food is loiv over a long period, or if the protein 
formation is seriously disturbetl, die blood protein may reach a level 
which predisposes to the formation of edema. Tliis effect of hypopro- 
teinemia is particularly important so fai as the pulmonary circulation h 
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concerned We have pointed out that patients vmUi tcndenc) to left 
ventricular failure are more inclined to develop piilmomr) edema than 
those with nonnal protein content Hjpoproieinenna in presence of 
heart failure increases the tendenc> to dyspnea and orthopnea Chronic 
protein deficiency like that occurring during famines can lesult in jen 
eralized edema ( nutritional edema ) which exerts a harmful effect oii 
the heart and circulation particular!) if it involves the lungs If the 
serum protein is low tliere is loss of fluids into the tissues and a tendency 
to circulatory collapse may also develop If pleural exudates or transu 
dates in various organic diseases require repeated taps it is essential for 
the patients to consume high protein diet to prevent severe hypo 
proteineraia 

Sudden reduction of the level of the blood sugat can result in attacks 
of syaicope circulatory collapse and convulsions at times associated with 
a sharp reduction of the arterial pressure Such acute arculatory changes 
develop as a result of spontaneous or induced /iy/;erins»hnis;n Rarely 
a similar type of circulatory collapse may develop in diabetic {vitients 
whose blood sugar has been lowered too abiupily from an unusually high 
level Hypoglycemic shock in elderly persons particularly those with 
coronary sclerosis may be accompanied by paroxysmal cardiac irregu 
larilies and rarely by angina pectoris Administration of glucose promptly 
abolishes these attacks In patients with neoplastic grovvih of the pancreas 
or of the other glands of internal secretion surgical removal of the tumor 
prevents furilier attacks 

WATER AND SALT DEFICIENCY 

It IS significant tint while the human body possesses adequate media 
nisms for the maintenance of a homeostatic stale despite increase in the 
water and salt intake its protective mechanism against loss of water and 
salt proves frequently to be inadequate The loss of the water and salt 
content of the body can lead rapidly to bemoconcentration and this in 
turn to circulatory collapse Physicians were slow to appreaatc the fact 
diat the high infant mortality from diarrheal stales and the decimating 
effects of cholera and other dehydrating infections diseases on certain 
sections of the human race are caused pnmarily by loss of water and salt 
and that simply by suppUing adequate water and salt these high moruhty 
rates can lie abolished or at least diminished The ease with which pw 
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sistent diaiihea leads to dehydration and ciiculaiory collapse becomes 
understood if one recalls that normally between 7500 and 10,000 cc. of 
fluid are secreted into the gastrointestinal canal nithin 24 hours. In the 
health) person this fluid is reabsorbed to a large extent In patients iviih 
romiiing and diarrhea tlie loss of a large portion of this intestinal fluid 
niijsi be (orrected 01 there deieJopsa tendciiC) to tcduced blood xohimo, 
hcinotoncentrauon and shod.. It is not cleatl) established at present 
uhether m this type of collapse and shock theie is also some cardiac 
dysfunction. The primary disturbance in circulatoiy collapse is the 
diminislied return of blood and not the damage to the heart Theoreti 
call), ne\ertheless, there is the posstbdity that anoxia resulting from the 
reduced cardiac output, the dehydration and accumulation of toxic uaste 
products can exert a harmful effect on the myocardium, as also evidenced 
by reports indicating Uiat animals dying from thirst can lose 30 to 40 per 
cent or more of their caidiac weight. It is known also that any type of 
circulatory collapse can precipitate minor or major iJiroinbosis of tlie 
coionnry arteries particularly m presence of coronary sclerosis 

It is evident, therefore, that in diseases with long persisting fever 
with fistulous opening, as for example biliary or pleural fistulas, with 
heat exhaustion, with adrenal insufliciency, or with vomiting in pyloric 
stenosis, an adequate supply of water and salts is most effective in pie 
venting peripheral failure of the circuhtion Rarely circulatoiy collapse 
and shock due to dehydration and by pochloremia may result also horn 
the indiscriminate use of gastric or duodenal drainage v\ith suction 
(“^Vangenstein tube”). Wc have observed patients in whom collapse 
developed as the result of such removal of a large amount of intestinal 
fluid. It is essential that fluids and salts should be replaced rectally or 
porentera}})' in these paiteajs 

DEFICIENCY OF CERTAIN NUTRITIONAL FACTORS 
IN PERNICIOUS ANEMIA 

Defidenq' of iron and of certain other nutritional factors essential 
to blood formation produces through various types of anemias changes 
in the heart and the peripheral circulation The heart in anemia has 
been discussed in Chapter X. AlUiough a suitistical correlation exists 
between tJie seventy' of the anemia and die degree of cardiac dilatation, 
mail) indiiidiial exceptions exist. The cardiac disturbances observed in 
patients with anemia do not depend solely, however, on the increasevl 
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cardiac ^vo^k as a result of eleaated cardiac output for frequeutly the 
anemia is assoaited A\idi other nutritional deficiencies This obser\niion 
IS also attested "by the fact that m these patients the return of nomni 
hemoglobin le\el is not followed by disappearance of the cardiac size the 
gallop rhythm or other manifestation of cirdnc dysfunction Only after 
the general nutritional state has been improted ivill the heart become 
normal 

In pernicious anemia fatty degeneration of the myocardium accen 
tuated around the aenous ends of ihe capillaries can result in the tiger 
lily appearance of the cut section Tins picture was relatively frequent 
m pernicious anemia before the introduction of liver therapy but has 
since become rare In pernicious anemia the cardiac symptoms and signs 
are the same as those in severe secondary anemias Palpitation dyspnea 
and syncope are the commonest complaints Dilatation of the heart 
develops usually first to the left and then to the right The shape of the 
heart is often globular Systolic murmur of vairying intensity may appear 
followed by gallop rliythm If the anemia reaches a level below 20 per 
cent of hemoglobin short diastolic murmurs over the base and less 
frequently over tlie apex may appear As the patient improves the 
physical signs disappear in reverse order The hemodynamics of the 
circulation in pernicious anemia is similar to that in secondary anemias 
The cardiac output and the velocity of blood flow is increased and the 
peripheral utilization of oxygen is small In severe peniicious anemia 
observations taken immediately after exercise record the oxygen of the 
venous blood as low as one or one half volume per cent The dyspnea 
in pernicious anemia can be surprisingly slight even when the degree of 
anemia is severe I have observed patients with hemoglobin levels of 
18 per cent and 14 per cent respectively who walked slowly without 
difficulty on the level The degree of dyspnea at the same hemoglobin 
level depends on the lime element of tlie development of the anemia 
A rapidly developing anemia 15 more apt to be associated with dyspnea 
Wlien the hemoglobin level readies the unusually low level of 10 to i” 
per cent the patient may still feel fairly comfortable if immobile and 
in horizontal posmon but on moving or sitting up there is tendency 
to dyspnea and to attacks of ayaicope Tins svaicope is usually vasovagal 
in type Patients with severe anemia and cardiac symptoms and signs 
experience little or no ortliopnea or signs of pulmonary congestion 
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although there is a tendency to develop bronchopneumonia. Potent li\er 
extract shotild be administered in large doses in cases of pernicious 
anemia witli cardiovascular distiii lances. A remission may be precip- 
itated as soon as 24 to 48 hours. In patients with sesere anemia, however, 
emergency transfusions are indicated. Blood should be infused very 
slowly, and a constant watch should be kept for indications of cardiac 
embarrassment, evidenced by increased dyspnea, pulmonary congestion 
and edema, and increase in the venous pressure. In addition to the liver 
extracts patients should be given a highly nutritious diet. 

BERIBERI 

For a long time beriberi has been considered a disease of the tropics 
and the Orient. Only recently it has been discovered that this disease 
in its various forms occurs not only in this countr> but also in the other 
Occidental countries. Recent advances in the study of nutritional defi- 
ciencies make clear the rationale of the long-established clinical observa- 
tion that patients suffering from beriberi are not necessarily malnour- 
ished; at times, indeed, they are obese. While in certain pans of the 
world the incidence of beriberi is iu'gh, it is less so in this country. Until 
recently the etiology of beriberi has been obscure, and infectious, toxic 
and climatic factors have been considered in its etiology. Gradually, 
however, more and more evidence has been accumulated pointing to 
nutritional origin. IVhile in p.njents with beriberi the nutritional dis- 
turbances are usually midiiple, substantial evidence is available that the 
primary etiological factor is thiamin deficiency. With the recognition 
of the nutritional origin of beriberi and with the practice of preventive 
medicine, the frequency of beriberi has been reduced even in the Orient. 
Thus lYenckebach reports that in Java with a population of 45 million 
people large epidemics of beriberi exist no more.^-^ 

In both the Orient and Occident beriberi may be classified as one 
of three main types; (1) The 7 teurilic or '*dry” beriberi with s)mptoms 
and signs related to the nerv’oiis sj^tem. (s) The edematous or "u'ct’’ 
type in which the clinical picture consists mainly of diffuse dependent 
and nondependent edema. This edema in its distribution is not unlike 
that observed in glomeridoneplmtis or in toxemias of pregnancy. Fluid 
may appear in the serous cavities including the pericardial sac. (3) The 
cardiac type which varies in severity and which is discussed here. 
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frequentl) beuben appears as a combination of tivo oi of all three 
forms Since the piesence of a pronounced degree of pol)neinitis in 
beuben protects the heart the cardiac s>mptoms m these cases are usually 
absent or mild ^^hereas in peisons without polyneuritis or tutJi mild 
manifestations uho peifonn setere muscular uork a se\ere t)pe of con 
gesti\e failure of the cnculation is prone to de\elop 

It IS known that the ihiamm requirement of the bod^ is proportionate 
to the Calouc intake or more precisely to the mcLabohc rate of the bod) 
For this reason a diet such as the polished nee of the Orient and tiie 
alcohol of the Occident which is rich m Calories but poor in tluainm 
piedisposes to beuben It has been estimated that while the aserage 
American diet is considerably poorer in its thiamin content than it was 
a century ago it still provides us with a 20 to 80 per cent margin of 
safety However as indicated by various estimates and analyses of diet 
there must either be a relatively large number of people who consume 
a diet belov\ this margin of safety 01 the diet consumed becomes made 
quate under hard physical work or under the elevated body metabolism 
resulting from pregnancy infectious and metabolic diseases or suigical 
procedures In other diseases particularly in certain ones of tlie gasiio 
intestinal tiact the intake of thiamin may be above the critical le\el but 
there is poor utilization and absorption of this and other vitamins Under 
these circumstances a subchnical or presympiomatic thiamin deficiency 
can change to a typical case of beriberi or a nuJd form of the disease 
can change to a severe type It is characteristic of beuben with cardio- 
vascular disturbances that the heart and vascular systems are very susceji- 
tible to trauma and infections and that there is constant danger of cir 
dilatory collapse acute pulmonary edema and fatal bronchopneumonia 
The erm beuben heart is not entirely appropriate because in addition 
to the heart the peripheral vascular system is also likely to be damaged 

The s%mptoms and signs of beriberi with cardiovascular disturbances 
vary considerably with the severity of the disease The patient is pione 
to be a young 01 middle aged adult who develops fatigue palpitation 
and the sensation of rapid heart action There may be a sensation of 
pressure over the upper part of the abdomen Pam over the calf muscles 
and paresthesias over the lower extremiues are frequently present Vary 
ing degree of dyspnea and swelling of the liodv is a usual complaint of 
patients suffering from the severe type of the disease Cough orthopnea 



HEART AND DEFICIENXY DISEASES 1261 

and jKiro\)smal d)spnea (cardiac astlmia) are fuuhcr maiiifestatJons of 
the condition. In some instances, attacks of djspnea appear tvitJi unex- 
pected suddenness in persons svho have been in Mgorous health 

On examination the patient maj appear comfortable or may be in 
great distress caused b) the severe dyspnea and orthopnea Often they 
are nervous, anxious and restless. The eyes may be shiny and slightly 
prominent. Edema may be absent, slight or generalized, and frequently 
is hard to nondependent and so evenly distributed that tlie patient may 
appear robust until the loss of 30 or /|o povinds of fluid re\e.als that 
generalized water retention has been present. Thus a patient with full, 
round face and lobust appearance can change within a week after tlie 
start of treatment to a thin faced person v\ith a delicate bodily structure. 
The color of the face and mucous inenibi-anes is usually normal, although 
with severe pulmonary congestion and edema, cyanosis may be present. 
The skin as a rule is warm At times the presenting clinical picture is 
a combination of congestive failure of the circulation and peripheral 
collapse and shock. 

The heart in benben is not always enlarged. ^Ye observed patients 
suffering from the disease who had evidence of cardiac disturbances and 
electrocardiographic changes but in whom the size of the heait on x ray 
examination was normal. Because of the forceful heart action, there may 
be extensive thoracic pulsations, falsely suggesting cardiac enlargement 
111 severe beriberi, however, there is usually enlargement to both riglit 
and left. The heart rate is usually rapid with prominent precordial pul 
sation. On palpation there is evidence of forceful cardiac impulse and 
coarse vibratory movements which are not thrills. Gallop rhythms, pre- 
systolic and protodiastolic in type, are prone to be present. In severe 
cases, murmurs may appear c/iaractcnVed chiefly by nrprd changeab/htj. 
They may be present in the morning but absent in the afternoon, and 
they become accentuated after exercise but rapidly decrease in intensity 
after rest Tlie usual murmur is a loud and late short or somewhat diffuse 
systolic one, .aliJiongh occasionally diastolic murmurs may also appear, in 
which case a false diagnosis of valvular heait disease may be made, only 
to find that the murmurs may be absent the next d.vy 

The peripheral arterial pulsations aic nonnal in mild cases and 
prominent in severe ones. As in anemias, sepsis and thyTotoxicosis. the 
pulse can he high, bounding, and ummiallv soft. v\ith pistol snunds ovci 
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the carotid and femoni and less fretiuently over the brachial arteries 
The \eins are often distended and tlie pressure elevated The arterial 
pressure is either normal or characterized by a moderate elevation of the 
systolic pressure Moist rales and signs of fluid m the pleura pericardium 
and peritoneum occur in severe cases The liver can be acutely enlarged 
and tender 

Edema varies m degree and is not always present The edema cannot 
be attributed primarily to decrease in the osmotic pressure of the blood 
even when that is present for the edema often disappears while the os 
motic pressure remains essentially unchanged The protein content of 
the edema fluid is low In many respects the edema is like that in glo- 
merulonephritis and in toxemia of pregnancy 

Wenckebach and other observers Jiave emphasized the fact that in 
untreated cases particularly in slender persons the calf muscles are en 
larged and hard Tins swelling of the muscles is independent of sub 
cutaneous edema or manifestations of neuritis As a result the patient 
experiences pain and difficulty in walking I have seen hardening and 
swelling of the muscles of the shoulder and arm also in severe cases 
of Occidental beriberi 'With rest and treatment the swelling disappears 
rapidly 

In a group of seven patients attacks of syncope were observed vvliich 
ivere associated witli asystole and fall in the arterial pressure and which 
could be induced by stimulation of ilie carotid sinus The hyperactive 
reflex in these patients is of the vagotonic type It is of interest that long 
before we recognized beriberi witli cardiovascular manifestations in this 
country we described the occurrence of this type of syncope in patients 
v\ith nutritional disorders and demonstrated that the hyperactivity of 
this carotid sinus reflex subsides after administration of a vitamin ricli 
diet 

Circulatory collapse may be preceded by congestive failure of the 
circulation while in other instances it occurs with tachycardia as the only 
premonitory sign 

Patients with cardiovascular manifestations of beriberi partictihrly 
congestive failure of the circulation are prone to develop fever, the 
cause of vihich often remains obscure although in some instances it is 
referable to bronchopneumoma The condition of these patients often 
becomes much more serious with the onset of an elevated temperature 
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and m some cases obsened b> us the feser seemed to ]n\e precipitated 
the congesti\e failure 

In addition to these specific manifestations of cardiosascular beriberi 
polyneuritis and symptoms of otliei nutritional deficiencies are often 
present Pellagra and beriberi are pione to be present simultaneously 
and occasionally scurvy and beriberi coexist The occunence of psychosis 
glossitis constipation or dianhea dermatitis anemia optic neuritis dys 
phagia aphonia spooned nails and purpura in addition to cardio 
vascular manifestations tends to Lonfiiin the existence of benberi In 
Occidental alcoholic benberi cirrhosis of the liver is often piesent 

Electrocardiographic Changes The electrocaidiogram m benberi 
often shows depression oi imeision of tlie T v aves similar to that ob 
served m myocardial disease The electrical systole (Q T inteival) may be 
prolonged Auricular and ventricular premature beats and more rarely au 
ntular fibrillation and intravenuiciilar block may develop These elec 
trocardiographic changes disapjiear after treatment v iih varying rapidity 
In some of the cases studied the electrocardiogram did not return to 
normal until weeks after other signs of impiovement 

Hemodynamics of the Circulation The clinical inamfestaiions of 
benberi suggests a state of the circulation \ lucli is a peculiar combination 
of overactivity and failure of the heart It is not unlike that observed m 
thyrotoxicosis or in rare instances in large arteriovenous fistulas Measure 
ments of the circulation confirm such a clinical iiiterpretatum of the 
circulation in benberi The vital capacity of the lungs is low The velocity 
and volume of blood flow is absolutely or relatively increased The 
utilwatum of oxygen in the extremities is small Failure of the circiih 
tioii m benberi depends on tlie combined effects of dilatation of the 
peripheral arteriolar system and impaired myocardial function As a 
result of dilated arterioles the return of die blood to the right ventricle 
IS mcieased making the right sided type of failine relatively common 
while left veiUricular failure occurs in a smallci group of patients 
\\ enckebacb noted tint adnunistrition of epinephrine the effect of which 
IS like that of sudden muscular exertion or infection usiially arcenuiatcs 
the symptoms and signs of the canliovascular disturbances v\hile jmressin 
improves them Following the administi nion of thiamin the changes in 
the hemodynamics subside 
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Chemical Changes H>poprotememn either slight or pi onounced 
IS usinll) present In se\ere cases with oljgtirn the nonprotem nitrogen 
content of the blood is apt to be modemtel) elented In some instmces 
the fasting blood sugar md hctic acid aie moderately high and slight 
glycosurn is present In se\ere cases of Oriental beriberi the blood 
pyTUMc acid is high but although we obseiaed high bisulfite binding 
substances no pronounced elevation of the blood pyruvic and uas ob 
served in the OccidenLal cases 

MorphologiCeil Changes The weight of the heart is normal or in 
creased Cardiac hypertrophy is prone to develop m chionic deficiency 
The V entncles particularly the right are frequently dilated In histologic 
examination the myocardium may appear normal or there may be 
interstitial edema and hydropic degeneration of the myocardial fibers 
TJie degree of severity in these changes varies and our studies indicate 
that they are not specific to beriberi but can occur in other diseases of 
the heart The so-called interstitial edema probably represents col 
lageiious material since the vvater content of the myocardium m iliese 
cases remains normal The variation in the structural changes in benberi 
offers adequate explanation for the variation in the onset of response to 
treatment as observed m the clinic 

Pathogenesis Although as indicated above multiple nutritional 
abnormalities play causative roles in the development of benbeii VMih 
cardiovascular n anifestauoiis the following evidence indicates that thia 
min deficiency is the primary factor (i) Tlie thiamin content of the 
diet of these patients is particularly lov\ while the Caloric intake is rela 
lively or absolutely high (2) Recent cliemical investigation has revealed 
that the thiamin excretion in the urine in these cases is low c (3) Admin 
istraiion of thiamin causes improvement and disappearance of the symp 
toms of the disease (4) If healthy persons are kept on a diet lacking 
thiamin electrocardiographic changes similar to those observed in ben 
ben are induced 15 (5) Animals kept on thiamin deficient diet develop 
electrocardiographic changes similar to those observed in man 11 and 
under certain experimental conditions congestive failure las been m 
duced in pigeons and dogs ^ JO On post mortem examination iiydropen 
cardium pulmonary edema and congestion of the lungs and liver arc 
present in these animals In a latge group of these thiamin defcicnt am 
mals tlie heart showed dilatation of the ii<^ht auricle and veiurirle rocal 
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necrosis inteicelhilai edema and ntuolizanoii of the m)ocarchaI fther^j 
as well as of some of the conductor and ganglionic fibers t\ere obsen.etl 
Thus the morphological changes in the thnmin deficient ammals i\ere 
similar to those observed in beriberi If tliiamin-deficient animals nith 
electrocardiographic changes and congestive failure received thnmin 
recovery followed promptly Thus the clinicil and experimental evidence 
now available provides proof that beriberi so hi as the cardiovascuhi 
manifestations are concerned is related to thnmin deficiency 

The Role of Alcohol Excessive intake of alcohol ofien precedes 
the development of beriberi in the Occident For this reason polyneuritis 
uhich follows the use of alcohol has been attributed to its toxic effect 
The concept that the thiamin deficiency connected with the use of alco 
hoi rather than the alcohol per se is the causative agent can be suppoited 
by the following evidence accumulated in recent years (a) The clinical 
mamfeslatious of alcoholic beiiben are identical with those of the non 
alcoholic type [b) Both types usuall) respond favorably to thnmin 
(c) Chronic alcoholism is common while beriberi is raie (d) PInrma 
cologic studies fail to indicate tint pure alcohol without thnmin defi 
ciency causes cardiovascular damage or polyneinitis (e) Administration 
of alcohol and thnmin or vitamin B concentrate improves the cluneal 
rnitnfescafians of ‘tkohoiic beriberi (f) Chronic a}coho}ism is apt to be 
associated VMth other manifestations of vitamin deficiency such as nioht 
blindness scurvy and pellagra 

It is jxissible however tint alcohol and other nutrition il factors phy 
a secondary predisposing lole just as a pure carbohydrate diet prcdisp )ses 
to benberi Thus it Ins been shown cxpenmenially that if vinmiii B 
deficient pigeons are fetl fatty acids instead of cirbohydrates nmscuhr 
cramps characteristic of tlie tleficicncy do not develop 

■\Icohohc beriberi is prone to develop among persons drinking haul 
liquors such as gm or v\hiskey but it can develop also among licaw 
beer drinkers The vitamin B content of the American beei is low 
Beriberi Ins not been observed among wine drinkers Other conditions 
predisposing to beriberi in the Occident ire infectious diseases among 
persons living on a suboptimal intake of tliiaimn peptic ulcer m piticms 
comummg an unbalanced diet disturbances of the gastroinicstinal cam) 
associated with dnrrhei or with surgical trauma thyrotoxicosis pariiru 
laily associated with gastrointestinal disturbances diabetes and the cap 
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rices of food cranks ^\ho consume high carboIi)dnte diet uiih an insnfTi 
ciem amount of \inmms Because not all patients subject to the same 
malnounshment de\elop benben it is probable iJiat m addition to the 
diet certain intrinsic bodil> factors are operatise in tlic pathogenesis of 
this deficiency Just as it is not understood at present s\h> in pernicious 
anemia some jjatienis are affected chicfl) by the anemia and others by 
anemia cord lesions so m benben it is obscure s\li) some patients pre 
dispose to cardiosascular dysfunctions and others to polyneuritis 

In Japan and m the Philippines benben occurs in infants This 
type of benben desclops nniiily among breast fed rather than artificially 
fed babies uhich suggests tint benben and aMtaminosis in the mother 
can ha\e an important bearing on the nutritional state not only of the 
newborn but also of the nursing infant ^\hclhcr some insLances of 
idiopathic cardiac hypertropin will be explained on this basis cannot 
now be slated and this problem has not been atleqnatch inicstigatcd in 
the United Slates although Haas2 reported the occurrence of benben 
in infants who suffered from ccliac disease 

Differential Diagnosis We Jn\e poinictl out clscuhereJ^’ tint 
as indicated by recent reports benben wiih cardioiascular mimfcsta 
tions occurs in >anous countries in the \mericas and rurope Iimdi 
mental differences between the Oriental and Occident d benben do 
not exist aUhougli obMousl\ in tlic large cpitlcmics of Oriental ben 
ben the sescre form of the disease is commoner than that in the Occidcni 
The cardioiascular disiuilniiccs in benben in our c\{>eneiitc do not 
form a rigid clinical syndrome but more lercni icports from the Orient 
indicate that tliere loo benben occurs with clinical iinnifcsiations of 
both n^hi and left sided failure 

Tlie question may well be raised as to the cMstcncc and clinical 
interpretation of benben iii the Occident prior to the recent distoscry 
of its occurrence and its relation to tlinnnn deficiency \Sc Inic dis 
cussed the esidencc indicating ihii tins type of heart disease Ins been 
obsciAcd from time to lime in the jxast but Ins been mierprefcel as 
alcoholic myocardiiis obscure myocanlitis arteriosclerotic heart d» 
ease and the likci'^ The suspicion lhai the disease might be beriberi 
or that It bad some smiilants to Ircnben lias been raised boweser in the 
past Peir example so keen a pliysician as Graham Steele remarked in 
iQofi of tlic clinical eharactcristics of dropsy Caprirmiis djstnbiinnn of 
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drops) IS specnll) apt to occur m cases of the cardiac muscle failure of 
beer drinkers and of the disease known is benberi of both of which 
diseases it is curious to note penphenl neuritis is a clinical feature 
In the diagnosis of benberi it is essential to appreciate the fact that 
the individual clinical characteristics of the cardios-ascular changes just 
as m other cardioxascular diseases are not specific Nevertheless the com 
binauon of the clinical manifestations lack of etiolog) of other tjpes 
of heart disease and histor) of unbalanced diet permit a diagnosis lutli 
a fair degree of probabiht) The combined pressure of congesttve failure 
of the circulation and a rclatnel) or absolutelv increased rate of the cir 
culation rules out several other t)pes of heart fitilure The simultaneous 
presence of other manifestations of nutritional deficicnc) disease par 
ticularl) pol)neuniis gastrointestinal disturbances pellagroid skin le 
sions and a tendency to psychosis make the diagnosis probable With 
the recent development of chemical methods for the quantitative estima 
tion of minute amounts of thiamm it is expected tint eventually meas 
urements of die blood thninm and the excretion of the ihnmm m the 
urine will be of great aid in the more exact diagnosis of benberi 
It should be remembered that not every obscure mvocartlial failure 
uidiont valvular disease or wiihout histological changes in the myocar 
dium IS a benberi heart In recent years wluJe attempting to select 
cases of benberi luth lieart disease ue have been impiessed b) the rela 
tivefrequenq of other ty pes of iieart disease u Inch like benberi heart 
are not as yet commonly recognired by physicians Benberi with heart 
disease should be differentiated from diseases of the heart associated with 
arteriovenous aneurysms thoiacic ami spinal deformities rare cases of 
cirrhosis of the liver amyloidosis and xanthomatosis glycogen disease 
(\^an Gierke) pituitary and ovanan disease glomerulonephritis idio 
pathic postpartum myocardial failure lupus erythematosus disseminaius 
scleroderma Boecks sarcoid periarteritis nodosa ihromboangiiiis ob 
literans certain respiratory infections mchmiasis progressive muscular 
dystrophy and Friedreich s ataxia The specific chanctenstics of these 
diseases of the heart have been described elsewhere ) 

Orgamc Heart Disease and Benben Because patients with or 
game heart disease often consume inadequate or unbalanced diet nuiri 
tional deficiencies can be expected to occur in ibcse persons In the ma 
jority of instances however a»e are dealing nith a low Caloric diet rather 
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tlian uith 1 diet fa^onble to the induction of beriberi Until the chemi 
cal method for meisuring tlinnim in the bod> has been perfected tlit 
question of t!ie importance of thiamin deficiencj m causing accentua 
tion of heart failure of organic origin cannot be ansnered ChnicaH) 
ue ha\e encountered patients uith Iqpertensise and chronic rhciuintic 
heart disease in vhom sesere congestne failure has been precipitated on 
repeated occasions b> lack of proper food or b) the consumption of large 
amounts of alcohol 

Treatment ^Xithoni ■well controlled conditions it is ddricuh lo 
ascertain the response of patients with beriberi to \anous thcraptutic 
measures In some cases bed rest results in immediate improvement but 
m otliei circulator) collapse ma) occur unexpected!) while the patient 
is lesting Vs a rule the s)mpioms and signs of congestive failure disap- 
pear eailier than enlargement of the heart and clectrocardiogripliic 
changes The time element in improvcmtnt v uics Ordininl) patients 
uiili congestive failure of but a few weeks duration respond rapidlv in 
treatment while m those with chrome dcfuiencv the improvement is 
muib slower In some patients merctirnl diuretics oi digitalis is efli 
cacious but the maximal and most regular benefit is assured after bed 
rest and parcntenl adimnistraiiou of thiamin usuall) in the form of 
It^clrochionde sale The sik of the dose uhtch has iKtn irrucd ae 
emptricall) ranges from lo to 30 mg and is administered three times 
dail) Both thiamin and vitamin concentrates arc effective oral!) hut in 
severe cases it is advisable to administer the drug subculancotisl) or in 
travcnousl) because some of these patients suffer ^asirointcstiml md 
liver disordeis winch ma) intcifcrc with tlie utilization of the vicuiiin 
In about one to four da)s following the start of the trealmtiit diuresis 
and improvement of tivspnea indicate the ihcrapcutic cflicac) of the drug 
Riiel) the electrocardiographic changes m man as in c\]>cnmcntnl am 
mils become accentuated for a short time following treatment and tem 
porar) brad)cardn and elevation of the arterial pressure mi) develop 
during the course of the trcatinciu Substqueml) the venous pressure 
falls ilie vital ca|>acit) of the lungs lends 10 return to normal and tin. 
blood flow slows down Reduction of the si/e of the heart and disappear 
aticc of the alterations in the clccirocardtograms do not occcur for davs 
or even weeks after the onset of clinical improvement The fact that the 
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myoc-julium in beriberi can develop hypertrophy Jiydiopic degenen 
tion and deposition of inteistitial collagen indicates tint prolonged 
iJniniin deficiency like othei Mtamin deftcieiicies can change fioin in 
eisily reiersible to an inexersible or slouly reversible state Tins e\ 
plains the anmtion in the res|Kjnse of diffeient patients to tluamin 
therapy 
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Thiamtn therapy in oni experience was without effect m ( irdioiais 
cuhr disturbances of nonspecific deficienq origin Similarly edema re 
spends to tins medication only if it is of thiamin-deficient origin Toxic 
side action from massive doses of tltiamm are not known to occur Be 
cause patients with benbeii usinlly have multiple deficiencies attention 
should be paid to the simultaneous treatment of pellagra with nicotinic 
acid and other vitamin B complexes anemia with iron or hver extract 
and liemorrlngic tendencies with ascorbic acid vitamin k 
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Illustrative Cases The follouing cases rejwrtcd prcMottsl) wjih Wil 
kinsis illustmte the climcnl chanctensucs of ^nd the thcnpciuic rc 
sponse in beriberi 

Case 1 Severe Cotigeslnc railure of the Circulotioii, Mtld Pellagm 
and Polytieuritts I alal Circulatory Collapse R N nii odd job nnn a"cd 
36 jears had been drinking one half pint of alcoliol ihih for Uxo >cars 
and one pint to one quart a di) for Uiree months He Jnd eaten a grossly 
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inadequate diet S'hich became more deficient the more he drank He 
coinphincd of iiicrcnsing dsspnen on exertion for one innnib <lr|H.n<lcnt 
edenn for three i>ccks hacking niiigli for ten dajs -mil onbopnn null 
insomnia for one di\ 

The famd) histor) and past Iiisiors sstre noncontnbutors 

I'hssical e'cnmiintion rcstiled a svtl! nourisliti! bbj,lul\ jauudireil 
man uith seicre orihojincT and diffuse ciUim more pronoiincnl in the 
dependent parts I here ssas pigment iiion and scaliness of the slm on 
the donum of the Iniids and feet and on tlic lower legs I he \rins of 
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the ticch \<.erc engorged Tlie bean mis perrussed J2 an ta the leh and 
5 cm to the right of the midsiemal line A gallop ^\as heard at the apex 
and a blotung s>stohc murmur at the base of the heart The second 
sound at the pulmonic area was accentuated The heart me uns 120 per 
minute and the rhythm tvas regular arteml pressure 110 mm Hg s\stohc 
and 40 dnstohe Pistol sounds were audible o^er the carotid and 
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Ficurf 3 4 Pernasctilar edema and sqKinii on ot ihe nnisclc fiben m Ca'c 1 

iJ Scparaiion of the jnmcle ri>ers I ) edeiwaro is collagen in Case i (W eiss and " ilkins 
Ann Iin Med) 

femora! arteries The lower third of Iwth lungs ^Kistcnorlj was dull to 
percussion and over these areas and also intenorl) over the left hilar 
region moist rales were heard The ibdomen was proiuberant and there 
was shifting dullness in the flanks A firm liver edge wvs palpable 1 cm 
below the right costal margin The spleen v\as not felt Kiioc jerks were 
greiflj diminished and ankle jerks were absent Tcmj>craturc 9S* I 
Respirations 36 per minme Akeight 183 pounds (usinl weight 160 
pounds) 

Laborator) studies Urinr acid spcafic gravil> 1 025 albumin trace 
sugar 0 bile positive scdimciu occasioinl leukocvtcs and hyaline casts 
Blood hemoglobin 87 per cent tr>throqlcs 4 -130 000 ptr cu mm Icterus 
index 11 Total protein content of the plasma 5 2 Gni per 100 cc 
albumin 2 92 Gm and globulin 228 Gm with cakuhted osmotic pres 
sure 200 mm H«0 1 he nonproiein nitrogen of the phsnn Vsas 6j 0 nig 


1272 


C-VRDIOV^CULAR DISEVSE 


per 100 ct 1 he Hinton ecsi was positue The Takaia Ara twi was nega 
tue Edemu fluid from the (high ainmneil tonl protein I jO Cm jwr 
100 cc albumin I 10 Cm mil globulin 0 10 Cm 

V sc\en foot lotmgcnogram of the heart conrinnetl the clinical 
measurements (Fig 1) The elcctrocardiogrim was imeqiretcd as within 
normal limits except for tach}cardia Sjxxial cirailator) stutlns showol 
ihe icnous pressure in the fcinomf and catbiial seins to 6c 27 cm H.O 
the arculation time 15 a seconds iht femoral arttrunenoiis o\)gcn dilltr 
cnce 0 7o \olumes per cent and ihc brachni artcriotcnoiis ox\gcn dif 
ference 1 39 \olumes per rent The iiial capacii} was 2a{)0 cc 

While this patient ohxiousl) svas suffering from sesert circulators 
failure with rapid bliwd floss he was made fairls comfortable with small 
doses of morjihta It ssis thought safe to ssithliold theraps until a control 
perioil had elapsed There ssas subjcctisc rtlicf hut there sscrc no changes 
in the ctlema or other signs of circulator) failure On the third da) the 
\enous pressure had risen to 32 cm HjO It was ilicn dtadeil to gise 
Mtamin II] but before it could be adtmnisteri.d the patient siuldcnls 
went into circulators collapse from whicli he died 

Post mortem exominofion rescaled marked anasarca ami mild jaun 
dice of all tissues The lieari sscighed 0*^0 Cm The right auricle anil 
scntricle showed marked ildataiion and nimlcntc lispcrtrnplis the left 
auricle and scntnclc were normal Except for the aortic nisps at the 
liases of sshich were minimal atlicromaious thickenings all sailsc ais{>s 
were ihtn membranous and translucent 1 here was no csitlcnre of rlicii 
matte or luetic cndoeardius The coronarx arteries the cpicardium ami 
the pcnanhvm were nomial Ihe aorta showed nunmnl aihcrofinioiis 
change i/i cm abo\e the aortic \alst but othcravisc was {lerfectl) nonnal 

The right lung weighed 1300 Cm and the left lOSO Cm ITic pleural 
surfaces were smooth and glistening but purple in hue There were 
slight depressed scars at cadi a|)cx The crtpiianre w is iiiarkcdU de- 
creased going the lungs a meat) consisicncx The ait surfaces s irc 
unifonnl) purplish red ihroiiglioiu all lobes of huh lungs Fhcrt sais 
an extreme degree of edema and congestion and large tjuaimiics of 
scrosanguineous fluid could lie casiU expressed In the liasc of the 
right lower lobe xs-as one small area of minimal bronclmpncuinomc 
consolidation 

The lixcr weighed 2180 Cm It xxas firm the surface smooth its caj>- 
sole thin and of normal iransluccncc Its nit surfari shox\cd a mailcil 
nutmeg ap{»caratirc The kidncjs spleen Jml other aWommal xisccra 
xscrc inarkeili) congested 

The brain wcighetl 1j60 Cm Tlicrc was atropli) of both frontal 
kiltes nimi pronoimnd wi the pre* and posKcniral gxTi There x'crc 
^cxcral xen small |x-tcchi3l hcmorrliagcs in \tnmons honi Tlie spmal 
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cord and peripheral nenes were normal in appeannce The rest of the 
gross examination t\as normal 

Microscopy rescaled these additional findings The right \eniricle 
shossed marked edema of the intermjocardial connectne tissue \sith 
separation of tlie muscle fibers There was also intracellular edema 
of the m>ocardium (Figs 2 3 A and SB) The left \cntricle shoiied 
marked increase in the collagenous conncctite tissue of the epicardnim 
There was an increase in the interstitial tissue especially that lying imnie 
diatel) beneath the epicardmm This connectne tissue was extremel) 
edematous causing separation of the nijocardial cells 

The lungs showed marked dilatation and congestion of the capillaries 
of the aheolar isalls The alxcoli contained man^ large macrophages filled 
xvuh hrown pigment many c\ira\asated cnihroc)tes and granular debris 
In one area numerous polymorphonuclear leukocytes svere present 

The Iner shoned extreme fatly degeneration Many cells especially 
in the centers of the lobules were degenented There sxas no increase 
in connectne tissue No alcoholic hyaline ivas seen The brain showed 
widespread pernascuhr hemorrhages and dcgencratnc changes in num 
erous pyramidal cells 

C\SE 2 Congestive Fatlute of the Cnculatiou Polyneuritis Korsn 
ko0 s Psychosis Improvement on t Unmtn Bj W E an unemploxctl 
painter aged 50 years was disoriented and confused and gaxc an unre 
liable history He admitted taking one pint of pure alcohol daih for 
years and stated that he rarely ate anything He was brought in b\ wtl 
fare workers from a cellar wlicre he had been lying for weeks unable to 
inoxe He had no complaints 

Physical examination rexealcd an extremely weak poorly nounsJicd 
man x\ith diffuse edema whidi imoUed the siieinum and face He lav 
flat in bed in no apparent distress The skin of the face showed marked 
acnc rosacea with crusted pustular lesions The skin of the extremities 
was dry scaly and scry xvarni There was a pustular conjunctixms and 
a small xvhite ulcerous plaque on the right coinea The pupils were quite 
small and reacted sluggishly to light The tongue was smooth on the 
edges There was moderate engoigcmcnt of the \eins of the neck The 
heart was percussed 11 cm to the left and 6 an to the right of the mid 
sternal line The sounds were of poor quality but there were no murmurs 
The heart rale was 90 per minute and the rhythm was regular Tlie 
aneiial pressure x\as lOj mm Hg systolic and 7j diastolic Sounds were 
audible oxer the carotid femoral and brachial arteries The hings were 
resonant but moist rales xxerc heard oxer the lower third of both lungs 
posteriorly In the abdomen the hxer edge was felt 1 cm bdoxv the nght 
costal margin There was bi/ateral wnsi and foot-drop The biceps and 
triceps jerks were greatly diminished and the knee and ankle jerks x\crc 
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not obtainable There was marked muscle nul nerse tenckmess in the 
legs Sensor) txamiintion was unsatisfactors but there was ajiparentlj 
h)pesthesia of the lower legs rempeniurc was 99® I- Rcspiranons 2> 
per minute Weight bS pounds 

Laborator) stuthts Urnu acid specific gra\ it) 1012 albumin 2 plus 
sugar 0 bile 0 acetone 0 diacctic and 0 psrusic acid 0 scilinicm nnin 
leukoc)tes and h)aline casts lilood Iiemt^Iobm 71 per cent er\throc)k 5 
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FictRE t F!««ri ard ojtranw { i Cav 2 Note <l»a« rc« hi ampi u de ai 1 {ii 1 msc' 
(\Vc sanlUilkini \nM lit M«J) 


3 200 000 per c« mm Icukocjics 9150 ncutniphilts 78 per cent The 
fasting blood sugar was 1115 mg per 100 cc and the mmpniicin tmrogtn 
9S mg The total proicin content of the plasma was 5 S Gin per 100 rc 
albumin 3 0 Gm globulin 2 3 Gm with calrulaictl osnioiir prevuire 
207 nim H O The icterus iiuIck s\*as ten Tlie ffinton ti-st was negatne 
The Takata Kra test was jxwuisc The bisulfite binding substances in 
the bliKKl were 9 9 mg jwr 100 cc (as pjnrnc acid) / dnnn flui i from 
the arms showed a total protein content of 1 2 Gm per 100 cc aihuinm 
Off) Gm globulin 0 55 Gin Itimhor punrture rcscaUd a spinal fluid 
pressure of 200 mm HjO nnnnal dsnamics and a normal fluid 
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Special circulator) jtudia sltoued \uil capaatj 1700 cc venous 
pressure 1/ cm HgO circulation time II seconds and fcnioral arteno 
\enous o\)gen difference 1 8i \oUimes iiei cent The electrocardiogram 
(Fig 4) sho%sed Io\v \oItage (7 m\ ) abnormal T U'ases and prolonged 
QT intcna] (k. equals 047), interpreted as nqocardial disease The 
seven foot roentgenogram confirmed the enlargement of the heart found 
clinically (Fig 5) 



FictRE 5 The cardiac shadow in Case 2 before ircaimeiu (Wens and 
VV llins Ann Int Mc«!) 


The patient u as placctl on a Vitamin free diet fluids /id hi- no other 
thcrap) His course is graplucall) shown in Chart 1 On the second da) 
It was found lint he had rticiuion of urine necessitating constant dram 
age On the fourth dav he lapsed into coma and appeared monhund 
There had been no essentnl cliange in any aspect of the circulation or 
blood chemistry It wns decided not to <!ela\ \uamm thcrap) \ccord 
ingl) 30 mg of S)nthttic crystalline vitamin B, vstre administered intra 
venously \t tint time the patient was in deep coma had Kussmaul 
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not obtainable There «as mailed muscle and nene tenderness in the 
legs Sensor) examination ^\as tinsatisfactor) but tliere vas apparent!) 
hypesthesia of the lotser legs Tempetaiiire ssas 99” F Respirations 2j 
per minute eight 158 pounds 

Laborator) studies Uniie acid specific grasit) 1012 albumin 2 plus 
sugar 0 bile 0 acetone 0 diacetic aad 0 psiusic acid 0 sediment man) 
Ieuloc)tes and hyaline casts Blood hemoglobin 74 per cent erstlirocytes 



3 200 000 per cu mm leul.oc)!es 9150 neutrophiles 78 per cent Tlic 
fasting blood sugar was 144 5 mg per IQO cc and the nonprotein nUTOgen 
98 mg The total protein content of tlie plasma was 5 3 Gm per 100 cc. 
albumin 3 0 Gm globulm 2 3 Gm with calculated osmotic pressure 
207 mm H«0 Tlie icterus index s\as ten The Hmton test ss is negative 
The Takata Ara test vsas positive The bisulfite binding substances m 
the blood were 9 9 mg per 100 cc (as p>ruMC acid) Ldema fluid from 
the arms shovsed a total protein content of I 2 Gin per JOO cc^ allnmim 
0C6 Gm globulm 0 5o Gm Lumbar puncture revealed a spinal fluid 
pressure of 200 mm H«0 normal dynamics and a nonml fluid 
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tould not be established because while there were signs ol dullness 
bronchos csiailar breathing and moist rales oser ilic hilar regions of both 
lungs {>ostenorl}, these signs might hate been due simp!) to increased 
pulmomrs congesiion resulting horn compcnsition of the right teniride 
out of proportion to the leli ^\c hast obserted these signs wiihoui ft\cr 
m similar cases and m this case the feser coiumucd after the lungs had 



ricimr fi The nrdiac 'h-ido* m rise 2 aticr ireiUHciu (Wei^sand 
tViltins Ann Int Metl) 


cleared and uniiJ iht uunars infution s\as brought undti coiurol Ihc 
\ital cap-icil) decreased during tins petim! but htci rminitd toward 
normal On the third da) of sitamin tlitraps the mmprotem nitrogen 
the bisulfite binding substances m the blood and the QT intenaj of 
the electrocardiogram were nithm noninJ limits TJicrt was still no 
change m the venous pressure or the wlloid osmotic pressure of the blcKxI 
Chnicallj, m spue of the fever the extremities were now cool the sounds 
had disappeared over the brachial artenes and were bareh audible over 
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breathing and extremely small pupils which did not react to light One 
hour and a half after the injection there was a most remarkable change 
The patient aroused, asked for water, then took a large bowl of boiled 
milk and crackers The breathing became normal, the pupils were dilated 
and reacted normally to light and on accommodation Vitamin Bj was 
continued both intratenoush and subcutaneously, in large doses In this 
case It seemed to hase been hfesa\ing 



Chsbt 1 Tlie clinical courv in Caw 2 


The next day the heart rate was 00 per minute the arculation time 
18 seconds and the femoral arteriovenous oxygen difference 2 9 volumes 
per cent The arterial pressure venous pressure and colloid osmotic pres 
sure of the blood were unchanged On the second day after vitamin -B, 
therapy was instituted the heart rate was as low as 52, the arterial pressure 
was HO mm. Hg systolic and 84 diastolic and the electrocardiogram 
(Fig 4) showed increased voltage (10 mv ) The cirailation time was 
25 seconds and the arteriovenous oxygen difference 3 1 volumes per «m 
The slowing of the arailation shown by these measurements was all the 
more remarkable m view of the fact tliat the patient now had a fever due 
to cvstuis and aho probablv to bronchopneumonia The latter diagnosis 
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could ijoi be established because, while there were signs of dullness, 
broncliosesiadar breathing and moist rales over the Inlar regions of both 
lungs posteriori), these signs might have been due sinipl) to increased 
pulmonar) congestion resuhmg from compensation of the right ventricle 
out of proportion to the left We have observed these signs without fever 
in similar cases and in this case the fever coiuinuetl after the lungs had 



FiCLSt 6 llie nrslnc shadow in Caic 2 after irenniuiii (\V«.i« and 
VViIlwim Ann Im Med) 


cleired and until the uumr) infection was bimiglu undei tonirol Ilic 
vital capacit) decieascd during this period but laici icturncd toward 
normal On the third da> of vitamin thcrap) the nr>n[)rotcin nitrogen 
the bisulfite binding substantss m the blood and the QT inttn-af of 
the electrocardiogram were wiibm normal hums There was still no 
cliange in the venous pressure or the colloid osmotic pressure of the blood 
Chnicall), in spite of the fever the extremities were now cool, tlic sounds 
had disappeared over the bracliial arteries and vsere barelv audible over 
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the femoral arteries There tvas Jess edema especjallj of tlie upper part 
of the body 

This patients course uas complicated b> a prolonged febrile cpi 
sode due to the stubborn c>siitis ivhich required forcing of fluids Neicr 
tlieless he responded nell to the \itamm therapy On the si\th da) of 
this treatment the edema had greaily decreased and the lenous pressure 
was normal The colloid osmotic pressure of the blood was still un 
changed He was then placed on a high sitaram diet and after four da)s 
the parenteral \itamin ivas discontinued 

Com-alescence was stead) and complete Tlie patient regained \olun 
tary control of his bladder and the c)stitis was relies ed by mandeltc acid 
One month after admission a sesenfoot roentgenogram showed that the 
heart had decreased to normal size (Fig 6) Except for a flat T wa\e in 
the first lead the electrocardiogram was normal (Eig 4) The sital 
capacit) was 2800 cc The patient Jiad lost a total of 34 pounds In the 
fifth week the knee jerks returned and the strength was greail) improNcd 
During the sixth week the patient was up and about the i ard He began 
to gam weight without edema The protein content of the blood plasma 
was normal Mentall) although greatly improved he was still defccuve 
His memor) was poor and he confabulated Consequent!) at the end of 
the sixth week he was committed to a sanatorium for chronic care 

CvsE 3 Cotigestwe Pailtire of the Circulatiou and PolyneurxUs 
Improvement After f itamin Therapy J S a laborer aged 36 vears 
had drunk one-half to one pint of whisk) and many glasses of beer daily 
for 15 )ears His food intake had been scant) and particularly deficient 
in vitamins He complained of palpitation on exertion for three months 
of dependent edema for one month wliicli had involved the scrotum for 
one da) and of d)spnea on exertion for three weeks 

The famil) history was noncontributor) The past history was nega 
tive except for one previous liospital admission two )ears before for alco 
holic gastritis 

Ph)sical examination revealed a well nourished nervous man furl) 
comfortable in bed with marked edema of the scrotum and slight edema 
over the shins and sacrum The coJw was quite florid and the skin ^ as 
warm and moist The heart v as jieraissed 12 cm to the left and o cm 
to the right of the midstcrnal line The sounds were iicktack in qinht) 
and there was a short blowing s)5tolic murmur at the apex Tlie heart 
rate was 110 per minute and the rhythm was regular The arterial pressure 
was 110 mm Hg systolic and 54 diastolic Svstolic sounds \ ere audible 
over the carotid femoral and brachial arteries The lungs v ere resonant 
and clear except for moist rales at the left base posteriori) The abdomen 

was negative The knee jerks and ankle jerks were noi obtainable Tern 

perature 99 2° F Respirations 24 per minute \\ eight 18a pounds 
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Laborator) studies Urtne, alkaline specific gra\icy 1020 albumin 
sugar, bile and sediment negative H/oorf, Jiemi^lobm 90 per cent erythro- 
qtes 4 260 000 per cu mm, leukocytes 4700 neutroplules 61 per cent 
The nonprotem nitrogen was 32 mg per 100 cc The Kahn test was 
negative The TakaiaAra test was negative The basal metabohe rate 
v\as phis four per cent 

This patient uas not seriously ill on admission indeed aside from 
the suelhng of the scrotum there was no striking evidence of circulatory 
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Chart 2 The d meal counc in Case 5 Note the lemporarv eleouon ot ihe aricrial 
pressure folios tug ihe first but not the wrond course of crjstall ne sfiatncH Bi 
and VVilkms Ann Int Med) 

failure He was pheed on a low vitamin diet and all medication was 
vsitliheld On the third day there wns no cinnge dimcally Studies on 
that ih> showed the following Weight 185 jxninds arterial pressure 106 
mm Hg systolic and 60 dnstolic heiri nte 90 per uiinuie vinl capacity 
2600 rc venous pressure 10 an HnO circulation time 12 seconds the 
femoral arteriovenous oxygen difference 20S volumes per cent The total 
protein content of the blood plasma was 5 07 Gm per 100 cc ibe albumin 
3 28 Cm and globulin I 79 Gm with a calaihictl osmotic pressure of 
210 mm HnO The electrocardiogram showed no abnorm ihiy (Tig 7) 

\ seven foot roentgenogram of the heart showed the heart enlarged as 
observed clinically 
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After iheie observations Mtanun Bj vvas given imramuscularl) in 
5 mg doses twice dailj The clinical course and circiilator) measurements 
are shown jjj Chart 2 The stnling changes one das after the \iiamin 



Figure 7 Eltttrocaril ogranM in Case 3 Sore thangev m T wnics (V\ci« and 
VVill^ins \nn Int Med) 


were the slowing of the heart me to G6 per minute and of the ciradatioii 
time to 25 seconds and the increase in the femoral arteriovenous owgen 
difference to 1 09 volumes per cent The venous pressure had risen slighth 

tolSScm HoO There was also a sinking change in the clinical appear 
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ante o£ the pauent His face pre\iousI} bright pink ivas non definiteJ) 
c)anouc, the hands and feet \\ere quite cool onl) the faintest sound could 
be heard o\er the carotid arter) and no sound oser the femoral or braclini 
arteries 

Four da)s after \itamin thcmp} svas insimitei! the heart rate uas 
52 per minute the blood pressure Ind risen to 1 d 2 mm Hg sjstohc and 
90 diastolic the \ital capaat) had increased to 3100 cc and the patient 
had lost 12 pounds of edema fluid in spite of the fact that there s\as no 
essential change in the senous pressure or colloid osmotic pressure of the 
blood Marked clinical improsement coincided uith these circulaion 
changes In ten da)s follossing the \itamtn theraps the patient Ind lost 
20 pounds of weight and the \ital cnpacit) the blood pressure heart rate 
senous pressure and femoni artcriox'enous ovjgen difference Ind rt.iumed 
to nomnl \n interesting change m the cJcctrocardiognm at this time 
w IS the inscrsioii of the T ua\e in Lead I sshich subscquenils rescritd 
to normal (Fig 7) 

Vi the beginning of the thir<l week the parenteral injection of Mia 
imn Rj was stopped and a high iitamin diet started The knee jerks 
returned m the nudtlle of the fourth week \t the end of the fourth week 
a second rotirsc of pareiiicraJ xiianiin B, was gnen e\actl\ is before 
with no effect on anv aspect of the cirailation 

The patient ixas dischaq»cd well it the end of tin. sixth week 
Case 4 Covgalixc rnihiit of the Cirtufalinu the Only Mavifistn 
tinti of I itarntn Deficicucy If heu Treated ?I ith DtgxtnXis and Dtnretics 
bhnued Little Tviproiemoit on I ttnniin Jt^ striking Jmprotement J F 
an uncmplosed svaiter a^^cd CO >cii's for four-jears had spent but -j cents 
a das on food which was grossly iindequatc m Mtamins Ht had tikcn 
an axcrage of ten glasses of ale and two glasses of svhisk) daih for me 
)cai He comphincd of cough for si\ inondis djspnea on exertion for 
one month onhopnej for two xsceks increasing dependent edema fot 
ten da)s and swelling of the abtlomcii for one week 

The famil) hisioi-) shot ed that one brother died of alnihohsm 1 ht 
past histor) xsas nonconiribiiton 

Physical examination showed an elderly appaitnth well nonnshctl 
man xviili sexere orthopnea and extreme d>spnea on the slightest cxer 
tion His color was oanolic but at times onl) sliglul) so There was 
marked dependent edema up to the siermim The skin of the face and 
extremities was warm and drs lltcrc was moderate engorgement of die 
\eins of the neck Tlic heart was percussed H cm to llie left and o an 
to the right of the midsternal line There was a rough blowing systolic 
murmur heard o\er the entire precordiuro loudest at the apex 1 he lieari 
rate was 120 per minute and the rhythm was regular except for occasional 
Lxtrasystoles The arterial pressure, was 110 mm Hg sxsiohc and 80 dias 
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lohc. Loud sounds Here heard oscr ilic raroiid and fiuionl anincs 
Percussion of tlie diest rescalctl dimiiilslicd rtsonmcc posteriori) at botli 
lung bases, uhcrc moist nilts ttere htanl The abdomen »as Itnscli dn 
tended, tilth shitting dullness m the llanls and a palpable llnid uaic No 



fiLtRE S Flciffocar(l/<»t;r3'ni »f> r3»c< SwrciHriiT* »» arxl in T Haicv 

(S\ ci»« ami \\ lUtim 'nn Ini 'tfu) 


organs svirc felt TIic neurological cxanunation uis negatne Icnijicn 
lure OS" F Respirations 30 |>cr minute Wtiglit 15^1 l*ounds 

Laboraton studies rrmr, acid, spcnfic gras its I 013, ilbtirtufi 0 
sugar 0 bile 0 acetone 2 plus diacctic and 0. psnisic acid 0 viinrrnt 
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many leiikocjtes Blood hcmcglobm 85 per cent er)Uiroqies 3 700 000 
per ai mm leukocytes 12400 ncutrophiles 85 per cent The nonprotein 
nitrogen was 28 mg per 100 cc the fasting blood sugar 94 I mg per 
100 cc nnd the carbon dioxide capaaty 792 volumes per cent The total 
protein content of the plasma was 4 8 Gin per 100 cc albumin 2 57 Gm 
globulin 2 23 Gm calculaietl osmotic pressure 178 mm HoO Icterus 
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riCLRF 9 T1 e card ac shado In Case 4 before > lam « ircaimcnt (VSessand 
Uiltim t n fnt Vfed) 

index 20 The Hinton test was negative T1 e Takata \ra test was i>osi 
tivc Bisulfite binding substances m the blood (calcuhtcd as pjTuvic 
acid) were. 12 89 mg per 100 cc Cdema fluid from the thighs showed a 
total protein content of 0 34 Gm per 100 cc albumin 0 09^ Gm globulin 
0 234 Grn The vital capacil) was JOOO cc and the venous pressure 17 cm 
H O The electrocardiogram showed tachycardia low voltage (6 mv ) 
and prolonged QT interval (k equals 052) suggesting myocardial dis 
case (Fig 8) 


i CARDIOVASCULAR DISEASE 

Because of the patient s precanous condition, his age, and the find 
»ng of a loud sjstoJic mtirnnir at the apex of the heart it was deemed 
«ise to treat him at once with the standard cardiac dnigs but to ivithhold 
^ itamin therap) Accordingl), he was put on a Karell diet (boiled milk) , 
^vas digitalized rapidl) and was guen ammonium cliloride. aminophyllin 
and salyrgm (two doses of 2 cc intravenously) as diuretics Morphia 
was used as a sedatne iviih marked siibjectnc relief There was a fall in 
pulse rate but no diuresis — the daily output ranged from 700 to 1100 cc 



This regime was msmiained for four days and on the fifth day die follow 
ing obsenations were made Arterial pressure 145 inm Hg systolic and 
82 diastolic heart rate 80 per minute, venous pressure 15 cm HoO circu 
lation time 13 seconds, femoral arteriovenous oxygen difference 3 6G 
volumes per cent The vital capacity was 1250 cc The total protein con 
tent of the blood plasma had risen to 5 38 Gm per 100 cc albumin 
2 67 Gm globulin 2 71 Gm , produang a calculated osmotic pressure of 
200 mm H 2 O This was evidence of hemoconcentration as the values 
two days later had fallen to and below their previous levels A seven foot 
roentgenogram showed the heart still enlarged to the left and right 
(Fig 9) 
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On ihe fifih cla> all medtcalion was omitted and the deficient diet 
continued unchanged Sjnihctic crystalline Mtanun Bi was gisen in 10 
nig doses subcutaneoush fi\e times a day The next day the urine output 
uas 1500 cc and rose progressiselj to reach a peaL of -1800 cc four days 
after the \itanun was started 

The clinical course and circulatory measurements are shown in Chart 
^ Of particular interest on the second day after suaniin therapy were 
the clesition of the blood pressure to 160 mm Hg systolic and 90 diastolic 
the slowing of the lieart rate to 60 per minute the increase in the ciraila 
tion lime to 2o seconds and the increase in the arterioienous oxygen dif 
ference to 4 8 solumes per cent The venous pressure and colloid osmotic 
pressure of the blood were still essentially unchanged but subsequently 
became normal as did the blood pressure the heart rate and other aspects 
of the ctradation 

TJie clinical iinprosement coinadeni wiih these cJiant,t.s was dra 
niatic Except for a brief febrile episode wnh signs of brondiopncumonia 
on the sixth day after Mtanun treatment the course was one of steady 
improvement The patient lost 51 pounds of v eight m days He was 
(hen seen to be a dun faced, frail individual rather than the well 
nourishetl man lie had seemed on admission TJjc qanosis the orthopnea 
and the dyspnea on exertion disappeared while the vital capacity rose 
to a normal value 

On the eleventh day a high vitamm diet was begun In the fifth weth 
when all the circulatory measurements Jiad been normal for one wccl. 
the same course of vitamm B| vvas repeated wjtJi no effect whatever The 
patient vvas discharged well at the end of the fifth week The seven foot 
roentgenogram (Fig 10) showed that the heart had returned to normal 
sue 

Casf 0 Cotigesltie I atliirc of tfic Circulation Cardiac Asllit la Poly 
tieiirilis Milel Psychosis improxemrnt on High Ji/iwiin Diet anti Con 
tniiiotis High Alcohol Inlale O O a corseticre aged 37 years had 
consumed one pint of whisky dadv I ir seven years Her diet was meager 
rarely contained vegetables or meat and consisted principally of coffee 
tea and sandwidits of ulme bread 

She complained of mtcnniiitnt weakness and numbness in the feet 
for SIX years increasing and progressing upwartl to involve the legs and 
finally the hands for tliree months For two vears she had had palpitation 
and dyspnea on exertion and for one year swelling of the ankles She 
also complained of orthopnea for three weeks and nocturnal attacks of 
paroxysmal dyspnea for tvvo weeks 

The family lustorv revcaletl that the paternal relatives were alai- 
holies oihcrvMse it was nonconmbutorv Tlic past history was non 
coninbutory 
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Phjsical eNam.nat.on shotted a ttell nourtshed m.ldlt ,„tcl.o..c 
apprehenstte, onhopne.c ttoman tt.th marked edema of the Li The 
Am ttat thml ttarm and mom The terns ot the neck ttere distended 
The heart ttas percussed H cm to the lel. and 5 cm to the right of the 
midsternal line There ttas a gallop and a short blotting s)sloIic mumiiir 



FiCLniF 10 The cardiac stiadou in Case 4 after iraprokcment. (Weiss and 
Wilkins Ann Ini Med) 


at the apev The heart rale was 120 per minute and the rh)ihm A\a5 
regular The arterial pressure was HO mm Hg S)stoIic and 70 diastolic 
The carotid and peripheral arteries showed increased pulsations The 
lungs were resonant and dear In the abdomen the liver edge was fell 
just below the nght costal margin There was bilatenl toe drop absent 
knee and anUe jerks, and absent Mbtauon sense below the knees Ttni 
perature 99® F Respirations 25 per minute \\ eight 1C7 pounds 
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Laboraior) studies Urine, acid spectfic gra\ii) 1 019 albumin 0 
sugar 0 sediment many leukocytes Blood hemoglobin 82 per cent 
erythrocytes 4 230 000 per cu mm leukocytes 9300 ncutrophzlcs 76 jrcr 
cent The nonprotein nitrt^en ivas GO mg per 100 cc of blood The 
total protein content of the plasma t\as 6 5 Gm per 100 cc albumin 
3 25 Gm, globulin 3 25 Gm with calatlated osmotic pressure 2G4 mm 
HoO The Rahn test was ncgati\c Rocnigcnogram confirmed the en 
largeinent of the heart and showed congestion of the lung fields Electro- 
cardiogram (Fig 11) showed laclncardia and abnormal T waves sug 
gesting myocardial disease 



Tin xE 1 1 Eieclronid ograra in 5 rvote ihe rci irn nf ilit S T comnlcxc' to 
nonnil follw ing die continiieil a Im nisitai on of on! >itamm IV coi ceniratc Tnn akohol 
(W ei s 1 hI V\ ilkiiw Ann tnl 'tc<l> 


For five days the patient was kept on a house diet with no essential 
change m her condition She was then placed on a high vitamin diet su(>- 
pletntmetl by oral yeist e\tncis ami intramuscular liier extract In addi 
tion she was given one pint of whisky i day On this r^eimc she improved 
rapidly Tlic nocturnal dyspnea the edema and palpitation disappeared 
llhthm two weeks llie heart rale Jiad decreased to 90 and tlie galloj) had 
disappeared After six weeks the electrocardiogram was normal (Fig II) 
There was slower but stcadv improvement in the neurological and mental 
symptoms ^\hen discharged from the hospital four months after cn 
trance she was able to walk satisfactorily and the psychosis had cleared 
hut some abnormal neurological signs still persisted in the legs She had 
continued to receive one pint of whisky elailv until ihschargc 

Casf G Aculc Cnrdiac Dilatation and Congeslne F aihire As^oanted 
with Potynrurilis Improiement ifter Rest Dtgtlahi, Good Diet and 
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Oral I W f a laborer aga! 32 5 cara l.a<l con,u,o«l 

haU a iJint ot pure alcohol dail) for foe rears He Ind caien liillc foo<l 
because ot an cxtremcis poor apiKinc He mmphmtd of increasing 
dsspnea on exertion for ino scars incrcasiiig snclliiig ot the legs tor out 
scar and diffiailtj in sialfiiig assocnied null numbness of the feet and 
hands for six months flic fatnils liistors and the past Instors sscre non 
conlnhutoT) 

Ph)sical exaiuinaimn rc\eaU<l a sniall bin hlI! tioiiri-slieil nnn D)m 
fortable flat m bed ^uth njarkwl cileiiia of the loiitr Icj,s The sVm 
dri innn and of good color The ttuis of the nccl \»Lrc diMnuIitl and 
shoMcd marked pulsations The heart Mas jicrcussctl 11 cm to the kft 
and G cm to the right of the midstenni line The prcrordnim M-as hia\ 
ing rapidly A marked gallop was heard near the aj*c\ where then, wcie 
also loud rough s^tolic and diastolic munmirs Oscr the aortic area 
blowing systolic and dnstolic iniirnitirs Mere heard 1 ht heart nic mis 
100 per minute and the rlijtlim Mas regular The antrnl pressure Mas 
130 mm Hg sistolic and 60 diastohc TJicrt were marked ptilsanons of 
all penphcral arteries <»versshicli loud pistol sounds were tudiblc The 
lung bases were dull |>ostenorI) In the abdomen tin, liver vns paliiaicxl 
! cm below the riglit costal margin 1 he knee and ankle jerks were not 
obtainable Temperature 100® F Rcsjurations 20 j>cr minute \Sci;,ht 
IIS pounds 

Laboraiof) studies f/rinr, first sjitciinen and spccifc ^ravitj 1 OSf 
albumin 0 sugar 3 jihis bile jiosiiivt acetone 0 diacctic icid 0 Htliintnt 
negative Later specimens negative Illood hemoglobin 78 j>cr ccni 
ervtliroqtcs 1 220 000 |K.r cu mm lcukoc)ie-s 0800 neutroplulcs Gj jki 
cent The nonprotcin mtro„cii v»av 22 mg per 100 cc the fastmt, hlooil 
sugar on the thml dav 95 nig jicr 100 cc The total |)ri>itin content of 
the blood plisina was G 5 Gm j>cr IW cc albumin 5 I Gm globulin 
2 9 Gm with calcuhictl osmotic pressure 260 mm H;0 1 he Kahn i«t 
wnsntgatne IhcTnkata \ra le-si vs-as ncgiiivt 

V seven foot roentgenogram of the htart on the second di) showetf 
enlargement (Yig 12) The elctVtwaTdvogtam sUwwvvl a flat T w-ave m 
I^ad I and prolonged Q T rntenal (K. equals 0 -Jfi) jnttrpreted as nno- 
cardial disease 

Because of the diastolic murmurs heard on admission it was thought 
that the patient had organic valvular heart disease Ht w-as digitahrcal 
rapidl) and given a high vitamin diet supplemented bv <iral extracts of 
vitamin B On the second das no diastolic murmur could be heard Tlic 
improvement v\as rapid On the seventh dav he vsas allovscil mu of Iwtl 
The digitalis was omiiictl \ vcvtnfoot roentgenogram at the beginning 
of the fifth week (Fig 13) showed a small heart He was ihvJiargnl mcII 
in the sixth vveck. 
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7 Repeated Idmiwons fo, AtUch of Cnohd Sums Syicolx; 
and Circulator) niiluie Asioctaled 1\uh Pol),ieu},tts Relief After Diet 
and CUracts Rich tn J liamin B ES an unempIo>ed odd job man 
aged 4/ )ear<; bad drunk one piiu to one quart of liquor dad\ for >ears 
He had eaten irregiilarh and hit diet t,as o( |«nr iiualiu He tvat 
-idmmcd to the hmiiiial on iliree occasiont with cstentnili die same 



Tk utF P The card ac 'll adovk m One 6 on the f rsl di> afiex 1 1n w o i 
(\Se s ind AV Ik IK \ n Im \fctl) 


complaints These tvere diuiaeu and attacks ol sjncojjc soreness o/ the 
mouth and tongue pain svcakiicss and numbness in the legs nocturnal 
cough djspnea on exertion and nocturnal attacks of pnroxj-smal djspnca 
PhtsicaJ exammatjon revealed a jxKirl) nourished man with no 
orthopnea or edema The skm s\as pale The mucosa of the mouth and 
loiigue was rtd with patch} olceralcd areas covered bj »vh/fis?i exudate 
llic heart was percussed 7 an to the left and 3 cm to the right of the 
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midslcrml line There \ias a bloiiing sjsroljc murmur ai the aiica n,c 
hcan rale aas 1 10 to 120 per minute, and the rhjthm Mas rteiihr The 
arterial pressure Mas 1 15/70 to I20/S0 utm fig The abdomen na, 
use The anile |crls Mere not ohtatnahle and the sihniion sense ssas 
absent belois the Inees Terapeialuie 99’ to 100’ F Rcsi.iniiiiins 20 to 
23 per minute Height 135 to 113 pounds 



Fkviii: 15 llic onliac slwicm in Cd'cC Mloxtnj; linpruvmciil (Wnv\ am! 
lliliin* Ann fnr Mnt) 


Labonion l/nnr,acttl ^jKciIic 1 020 albumin bile 

sugar and sediment negatuc lUooil htnwiglnbin »j jkt cent, irMbrriotc' 
•1.000000 per cti mm, kuboqrca 5700 ncutrufilnlet 71 jier tint Die 
nonproitin nitrogen tsars 10 mg per 100 cc. Hit Kahn test t'ls nrgatur 
fiimOar fnmeUne revtaletl nonml pressure and nonnal spuial /Jmd 
Gasinc anahsis shotved no free aad after histimine Hie vtin foot roent 
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genogram shelved no abnormalit} of heart or lungs Tlte electrocardio- 
gram shelved flaitening or imerston of ihe T iv-wes m Leads I and 11 
interpreted as m)Ocardial disease 

On each admission under treatment ssith a good rest ininmuscular 
Iiier and vitamin B extracts there tvas complete relief of the cardio 
vascular s5mptoms withm tuo ueel^s It is of interest that with improsc 
mem the blood pressure n>se from HO/lOf to 200/120 mm Hg The 
improiement in the neurological S)mptoms was equall) striking but 
slower 

On the second admission it was found that e\en mild stimulation of 
the carotid sinus caused complete asystole of the heart and ssneope The 
patient stated tint the induced attach tvas the same as the spontaneous 
spells of which he complained Six da)s after vitamin therap) the dir/i 
ness had improved and carotid sinus pressure now induced no asjstole 
hut an idioventricular rh)ihm with a rate of 30 per minute Slight dim 
ness but no s)ncopc accompanied the slowing Four days later md there 
after stimulation of the carotid sinus induced onl) transient phvsiological 
slowing of the sinus rhythm and no dtrrintss He was dncJnrgcd improved 
in the third week 

SCURVY 

The generalized hemorrlngic tendency in scurvy can cause heinor 
rlngic pencardnl elTusions — a complication nrcly seen in scurvy in 
this country Hift and BruU^ observed acute recunrem hemorrhagic pen 
carditis among the scorbutic inmates of a Russian concentration camp 
in Siberia Of 325 cases of scurvy 28 showed severe pericardial effusion 
with secondary congestive failure of the circulation In six the pencardnl 
effusion was fatal 

Changes in the myocardium m human scurvy have been described 
but It IS questionable whetlier such changes can be attributed to ascorbic 
acid deficiency Thus when Crdfieiini performed postmortem evamim 
tion on 31 Viennese children who died os a result of scurvy in the famine 
year of 1918 he noted that cardiac hypeitrophy and dilatation were 
present in these children and called the heart Barlow Herz The myo 
cardial hypertrophy was moderate iii eight considerable in seven and 
enormous in six It is regrettable tint Crdheim failed to include clinical 
data and histologic examinations He does mention Iiowcvcr tint dnn 
tion of mi]nutTition in these cases wns long and tint many of the chil 
dren were imnntjc and snfTered from dnrrhea In view of tlic fact tint 
osteoporosis was also present and from vvhai we know today of the frt 
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quent occurrence of multiple deficienc) it seems probable that the car 
dnc disease m these cases iias caused bi beriberi It seems probable too 
therefore that the cardiac changes and disturbances described b; some 
obsen ers in scun ) as well as in rickets and pellagra are attributable to 
a coexisting thnniin deficiency 

The literature of recent years bearing on the relation oE ascorbic acid 
deficiency to rheunmlic fever and iheumatic Iieait disease is interpreted 
IS follows In rheumatic fe\cr as in other chronic infections the supply 
of ascorbic acid in the blood is low due either to inadequate intake 
oi to increased utilization wth the result that the body is partially 
depleted of its normal storage The capillary fragility of some patients 
with this deficienq is increased but can be remedied by the adminis 
tration of ascorbic acid On the other hand in our opinion and e\peri 
ence ascorbic acid fails to influence the clinical course or reduce the in 
cidence of recuneni attacks of rheumatic manifestations and a causative 
relationship between ascorbic acid and rheumatic fever does not there 
fore exist In spite of this negative correlation it seems advisable in order 
to assure optimal nutrition to feed rheumatic patients with a balanced 
diet rich in vitamins including ascorbic acid 

The increased vascular fragility in ascorbic acid deficiency can lead 
to extensive hemorrhages in xinous tissues The fact that the ascorbic 
acid level m the blood of persons with chronic alcoholism is frequentl) 
low explains the tendency in these patients to vascular fragility and the 
occurrence of epidural subdural and intracerebral ( polyenceplialitis 
haemorrhagica ^ ernicke ) hemorrhages without trauma or iii relatively 
slight traumatic conditions Tlie same mechanism may play a lole iii tlie 
hemorrhagic birth injuries 
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infectious condition whicli ma) be accompanied b) such disease e ^ 
rheu natic feser tonsillitis cliorea sjphilis etc 

Classes I IM and II B foi m the major groups then ivith winch i e sf ill 
deal This is to say that we hate to do almost altogethei with the chrou 
stages of inflammatory and degeneratiae heait disease with or i iilcui 
congestive heart failure but if avitli failuie then of a degree that perm u 
at least of mild activity The type and degree of therap) must b ind 



viclualized and conform to the considered judgment that folio seat 
exaiiiimtion and estimate of mjocardial competence Patients i" ^ ^ 
ni who are unable to carry on any physical activit) though 
mild forms of massage and certainly to rest do not comprise an> ^ ^ 
small portion of the field of endeavoi to be consideied Theu 
will be dealt with presently The cardiac neuroses arc parncnlarh su 
to physical therapv 



CHAPTER XLII 


PHYSICAL THERAPY IN CARDIOVASCUI^R 
DISEASE 

By Carl R Comstock M D inti \\ illtam D Strolh M D 

Introduction The pressing problems of icnte diseise hi\c been dan 
fied to a maiernl degree and a greaitr consciousness of the need of the 
chroniciljj iJJ his arisen in the tliinking medical mind The aicniies of 
ipproich to this problem in the field of thenpj arc not nnnj md of 
these tint of ph>sjcnl therap) Ins taken on an incrtastng importance be 
cause of simphcit) directness of piirjmsc and ofitnncs of cITeciivencss 
The testing ground for v-anoiis procedures has been in the hrger 
hospitals and more speaall) at the \-arious spas of Europe and the Uniteil 
Slates \\e arc indebtetl partictilarh to ulnt comprises the present Ger 
man> and to France for the major dcsclopmcni and chhoranon of sun 
able foims atid the earlier recognition of their salue 

Ilccnuse of foreign irascl and stud) on the pan of the \inerican j>h) 
sicnn and because of his increasing as\arcnc$s of the problem of chronic 
disease a grossing interest in the dcsclopmcnt of ph)siral therap) and its 
suitable application has been arotiscrl Tins is esiclcnccd b) a notabl) en 
larged patronage ac (he feu spas in the United States uhcre suitihJe 
accomniodaiion and facilities arc asailiblc for groups of \nr)ing economic 
lesels At Saratoga Springs for instance where the State of Ncu ^ork 
has created an c\tensnc dcselopmcnt the records for the )tars to 
1937 show an interesting increase in the number of treatments at die 
spa For the )ear 1932 1933 there sscrc 93 018 which number fnssogroun 
that in the )ear 193G 1937 i }fi | "cre gisen It is notesvorth) that a 
large percentage of the |j.aiicnts taking these treatments were rcfcrrctl h) 
ph)sicnns 

TI1C field of application of ph)sirii thcrap) in cardunasenhr disei'c 
limits Itself rather shirpls to certain of the New \ork Jleart \tn)Ci 3 iioui 
( 1291 ) 
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classifications Since these classifications isiJl be leferred to fretjuently 
dunng this chapter, the tmter is giving them now 

Class I Patients widi orgmic heart disease who are able lo carr) on 
their habitual ph)sical acti\it) 

Class II Patients with organic heart disease vsho are able to carry on 
diminished physical activity 
A Slightly decreased 
B Grentlv decreased 



Ficlre 1 Aerial \ici« o( the nen Saratoga Spa 


Class III Patients with organic heart disease who are unable to carry 
on any physical activity 

Class E Patients with possible heart disease Patients who have abnor 
mal physical signs in the heart, but in whom the funeral picture or 
the cliaracier of the physical signs leads us to believe that they do 
not originate from cardiac disease 

Class F Patients v\ith potential heart disease Patients who do not 
have suggestion of canine disease, but who are suffering from an 
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infcctjuus condition uhid) nia) be accompanied by such disease c g 
rheumatic fever tonsillitis diorea svphtlts etc 

Classes I Ild and II 5 form the mijor groups then with which we shall 
deal This is to say that we have to do almost altogether with the cluonic 
stages of jnflamrmtorj and degenerative heiit disease with or without 
con^sci\e heart failure hut if with failure then of i degree that permits 
at least of mild activity The type and degree of therapy must be mdi 



Figure 2 Saratoga Spr ng? T1 c islai I Spo iicr t iih m i icrcsting mineral tlcpfx u 


vidinlized and conform to the considered judgment that follows nieftil 
evamimuon and estimate of myocardial competence Patients m Class 
III wlio are unable to carry on any physical activity though suited to 
mild forms of massage and certainly to rest do not comprise any hut a 
small portion of the field of endeavor to be considered Their problem 
will be dealt with presently The cardiac neuroses are particularlv siiucd 
to physical therapv 



PHYSia\L THERAPY JN CL-\RDIO\ A5CULAR DISE \SE 1297 

THE VARIOUS FORMS OF PHYSICAL THERAPY 
REST 

One brings up the subject of rest first becuise it pla^s so hrge a part 
m the restoration of cardiac competence and in the arrest of tlie progress 
of cardiot ascithr disease It is indeed the simplest of all forms of ph)si 
cal therapy but incorporates more than appears at first consideration It 
implies not onl) physical rest but too that state of mental equilibrium 
winch IS best expressed by the term calm philosoph) of life It implies 
a controlled emotional state that permits true relaxation It implies free 
dom from problems to be solved and from moral obligations to be met 
It implies too suitable lecreation Tp bring all of these about lequires 
understanding of the individual problem on the part of the phjsician and 
no little time m intimate and friendly consultation 

The amount of physical lest needed can be detennined best by the 
status of the mjocarduim and its response to effort IMien complete bed 
rest IS not indicated it falls naturally mio periods following major meals 
and varies in amount One or two hours after luntheon aie paititularh 
indicated and often a half lioui before dinner is advisable A quiet period 
after the evening meal is essential though it need not necessarily implv 
bed rest In the writer s experience games that tend to excite or to cicaic 
jnobleras are inadvisable during this jaeriod since often they are con 
ducive to poor sleep Reading which can be given up easily is permissible 
and the enjoyment of music most satisfactory Eight or nine hours of 
sleep at night are requisite and breakfast in bed is not only pleasant 
blit fiequently indicited Often one day a week spent in bed is an excel 
lent investment of time 

Mental and emotion4al lest many times is dilTicull to achieve at Iionu. 
and under such circumstances a sojourn of tliree or four weeks in a new 
and desirable environment can be productive of very real benefit This 
IS especially true of a visit to one of the various spas v\here not only com 
petent medical supervision is available but theie is also provided ample 
means for physical iherajjy and suitable iccrcation 
EXERCISE 

■\\ Intel stales that it is important generally to allow a jnticni wiili 
heart disease to take as much exercise as he rcasonahlv and safely can 
with periods of rest perhaps of n fevv days eacli because it is pliysica! 
exercise that helps to nianitaiii a state of general good health and utt 
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doubtedl) the proper functioning of tlie peripheral circuhiion resulting 
from reasonable exercise aids tlie heart in its isorL The most practicable 
exercise is ivailking and this is also quite uniformly good it can be graded 
easily by three factors— distance speed and grade (hill climbing) Other 
mild exercises like easy golf and croquet may be encouraged at times 
It IS acceptable then that the cardiovascular system is benefited by that 
amount of exercise which it can undertake without embarrassment for 
It is altogether conceivable that the myocardium will find itself m the 
same status as the general musculature Mackenzie^ states that the guide 
m these persons is the patients response to effort It may be taken for 
granted that effort v\hich he performs with comfort is not harmful but 
beneficial in the sense that exercise of the heart muscle within the limns 
of its power keeps the muscle in good condition 

Although difficult to demonstrate by conirolled experiment it is gen 
erally accepted that active or voluntary exercise is of more benefit than 
IS any passive or involuntary form although in cardiovascular disease 
falling in Class III this latter often is all that can be undertaken and is 
then a valuable procedure 

In considering the matter of suitable active exercise in cardiovascular 
disease it must be emphasized again that the type and duration is to be 
dictated by a careful estimate of myocardial capacity and runs the gamut 
from brief slow walks on level ground to anything as strenuous as singles 
m tennis The need for exercise however is only in the amount winch 
will keep the individual in good muscular tone and for tins that amount 
represented by walking at moderate pace for one to two hours daily is 
ample Anything beyond this is for the pleasure of the patient only and 
should be controlled by araimstance Evidences of shortness of breath 
precordial discomfort or sense of exliaiution dictate distance and rate 
of walking or degree of other forms of exerase and a clear understand 
mg of the significance of these symptoms on the part of tJie patient is 
imperative 

To some golf sugarcoats the pill of exercise and the game lends 
itself readily to work of V'arying amount in a most satisfactory manner 
The course should be reasonably fiat that is with no gradient over five 
degrees and the holes not too long The variants given range from put 
tinf^ through pitch and putt the irons woods to a full nine holes and 
are particularly enjoyed by the executive and professional types No com 
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petiti\e spirit should be nlloued to enter tlie picture, however. Croquet 
and archer) are other suitable forms of di\ersional exercise. 

At most of the European spas and at some of those in America care* 
full)’ graded naJks of the Stohes-Oertel hill-climbing type have been laid 
out. The course consists usually of some tuenty walks beginning with 
Vi2 rnile on a three per cent grade and progressing gradually to two 
miles at a 5 per cent grade. This type is useful particularly in the 
obese with good myocardial reserve and is carried out in conjunction 
with reduction measures, i. e , restrictions in diet and limitation of fluid 
intake. It is of value in the suitable case but calls for intimate supervision 
of the individual. The usual duration of this type of treatment in this 
country is three to four weeks, but when circumstance permits is pro 
longed to six or eight and is often complemented by massage and Turk- 
ish baths. It has been the writer's experience that walking graded as to 
duration and rate lut on average level terrain serves as useful a purpose 
and is more adapted to the American temperament. In conjunction with 
dietary restriction and accessory treatments such as massage and the Turk 
ish batli the results have been equally good and the number of unto 
ward events less likely. 

The Schott Exercises: During the latter pan of the last century 
Doctors August and Theodor SchottS of Bad Nauheim developed a series 
of resistance exercises for the increase of myocardial reserve in those 
patients with moderate to m.iterial degrees of lessened capacity These 
exercises W'cre designed to produce regulated movements with but Jmie 
exertion and no fatigue They are exercises with resistance and require 
the services of a trained operator. They have been used but little in this 
countr} because of their complicated nature and because of ilie Jack of 
attendants familiar with them They are soundly conceived and are of 
material use in well<hosen cases Tliere follows a summary of the more 
important regulations which govern them: 

1. Passive resistance movements include abduciion, adduction, flexion, 
extension and rotation in a vertical, horizontal or lateral direction, 

2. These movements should so altcTnaic that new groups of muscles arc 
continuously made to act in sequence, thus avoiding fatigue. 

3. The resistance should be made by the operator as slowly and gently 
as possible, but with as mucli firmness and muscular power as tlic patient's 
physical condition will v^-arraiit 
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4 The operator should ne^er grasp ihe patients limb tightl) but 
should oppose its mosement b) firm counterpressure against the adranang 
side thus retarding the mosement but ahsa}s permitting the patient to retain 
the balance of pouer 

o The operator should change his resistance svheneser the direction ol 
the pli)sical force is clianged 

6 To gam a s ell balanced and uniform effect these exercises should 
aluays be bilateral 

7 The operator should closely \ atcfi the patient s breathing and cirai 
lation and at the slightest sign of embarrassment should stop the exerases 
The patient should neser be alloi ed to hold his breath while exercising 

8 A. pause of one or two miniucs sho ild be allowed between eacli 
exercise in order to avoid any fatigue The patient mav sit dov n dunng the 
pause especially during the latter half of the seance 

9 The length of time devoted to eacli seance should be about a half 
hour 

10 After the seance is finished the patient should rest quietly on a coudi 
for at least la minutes 

Each movement is to be performed slowly and evenly and no move 
ment is repeated twice m the same limb or group of muscles Each 
single or combined movement is folloi ed by an inienal of rest Tlie 
movements are not permitted to accelerate tlie patients breathing and 
the operator watches the face for indications of cardiac embarrassment 
notably dilatation of the ahe nasi cyanosis or pallor of cheel^s and lips 
yawning sweating and palpitation The appearance of any of the above 
evidences of distress are the signal for the cessation of the movements 

Since It is realized that these movements are to be utilized in patients 
with materially damaged hearts the importance of strict adherence to 
these precautions is evident 

PASSIVE EXERCISE 

In their simjjlest and most practical forms passive exeicises consist of 
flexion extension rotation abduction and adduction of the four extremi 
ties These are performed by a trained operator who supports the limb 
being exercised and causes it to be moved m the several directions begin 
ning usually witli the feet then tiie lov er leg and finally the whole leg 
etc etc It IS done without any effort on the pan of the patient The 
exercise is repeated one or more times according to the physicians 
opinion of the individual capacity It is given in the dorsal position 
and is utilized especially as an iniUal procetlure in Class III patients 
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Mechanotherapy Merfnnoihenp) finds ns greiteit indicition in 
Chss II il, but cinnoi be utilized to best advantage except ivhere hrgc 
installations of the so-called Zander apparatus arc available This Umus 
mtunll> the opportunity to certain of the larger hospitals and to the 
spas uhere such installations exist Tliere are some real objections to 
the use of the nnchine for passive exercise as against the use of the 
Schott resistance exercises their purpose being esseninlly the same The 
machine does not feel or think Ii is arbitrary in its action Further 
more the equipment is expensive and many types are needed to iccom 
plish the various movements of groups of muscles a thing better and 
more intelligently done by a tninetl attendant Although the unter has 
had access to a fairly large msialhnon he has had occasion to use it 
but seldom Tlie universal tendency of the past feu years Ins been 
louard simplihcation and the development of manual operation 

Massage Massage has become one of the most frequently used 
forms of passive exercise and has found a really important place in the 
treatment of cardiovascular disease In one or another of its various 
types It can be of real lielp in the treatment of heart disease 

Massage consists of one or more of tJie follow ing procedures vvhith 
ire usually prescribed to be given in a light medium or heavy manner 

1 EfileiJragc a light stroking mouon gnen in ilit threcuon of vtnouv 
Ilou It IS of particular use as a beginning procedure for the bedridden cardne 
and should be given in the dorsal rcaimlxrnl position 

^ Stroking— a procevlure of the same tv[>c but using a ihreciion from 
the center to the periphery It is for purposes of relaxation 

3 Kneading in viincli by cuailar movements of the hand the skin and 
siijitrfcial tissues are made to move on the vlecp tissues It may be used uitli 
or without friction 

4 A ibntions are fine tremor movements of the hand the arm being 
relaxed It ts a useful procedure in the more serious siiiiations and may be 
uiih/ed too in the form of elecincal vibrations 

5 Siimiihung massage is best described as shaking hacking or clapping 
movements Shakings are similar to vibnmons but are coarser and heavier 
Hackings are prodiiccvl by sharp hlovvs of the ulna border of the haml and 
tlie last two fingers rcjieatcd rapidly for a limited number of times Clappings 
arc blows given with the palm of the cupped hand 

G Afassage sous 1 eati or the Vichy doijclie which is a massage iiicor 
{jorating e/neiirage kneading hacking and cupping and given under a sprav 
of warm waur is a varniu which is thoiighi to cause a greater ridisinlnmon 
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of blood because of its association with heat. In the writer’s experience and 
for practical purposes it does not replats or improve upon regular massage. 
It is a pleasant procedure to be undeitaLcn at a spa. 

In most instances a prescription for massage will call for a combina- 
tion of the various movements abo\e mentioned. It is well to specify 
the number, degree and duration, but a well-trained masseur familiar 
with the handling of cardiac patients will make but few mistakes. 
Massage, howeser, is capable of causing great fatigue and the degree 
produced, if any, will guide tlie physician in further prescriptions. The 
use of the s-arious forms must be governed by good sense and observation, 
and should always be followed by a rest period. 

Nylin,4 in a paper on ph)sical exercise in cardiac conditions, has 
summarized the matter in a most satisfactory manner. He says, "Active 
exercises stimulate the heart to increased work. If performed gently, 
slowly, evenly and tviih sufficient rest bettveen movements, they aid more 
than stimulate the heart in its work, provided cardiac insufficiency is not 
too pronounced. They act on die blood vessels as do passive exercises 
and stimulate respiratory movements to increased activity, facilitating 
pulmonary' circulation. On the other hand, active exercises enhance the 
work of the heart, and the more vigorous the exercise, the greater the 
effect. These two different effects allow grading of die exercises to meet 
the demands of eacli individual cardiac condition, provided the heart 
has enough reserve power to tolerate some increase in its work. Neglect 
of this individualization leads to disappointing results. Especially in the 
beginning of treatment, the physician should study the effect of die 
exercises and modify them according to the needs of each successive stage 
of the disease. More than the usual amount of rest and, in some cases, 
total curtailment of the patient’s activities are essential in any program 
of exercise for cardiac patients; this program must include mental rest 
and freedom from anxiety. 

'TVTien the heart is unable to maintain a fairly normal drculation 
even during rest or causes severe djspnea during rest, the patient is con- 
fined to bed and gentle massage (stroking) and passive movements are 
indicated. Most patients respond favorably to systemic massage. 'Wlien 
general massage is not well borne, only the extremities are manipulated 
until improvement allows general massage. The patient is never prone 
during massage. During tliis stage of the disease, passive movements gi' CJ^ 
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with a slo^s e%en rhythnj are limited to the toes anUes fingers urists 
and elbous under complete relaxation tlierefore the extremitj must be 
well supported by the operator The procedure for each treatment con 
sists of two or three deep respirations massage to one leg passne move 
ments of toes and ankle of tins leg two or three deep respirations pause 
of one or two mmutes This is then repeated willi the other leg and 
then witli each arm Eflleurage of the trunk follows and treatment is 
concluded v\ith three or four deep respirations \Yitli improvement 
kneading movements to the extremities are added and the passive exer 
cues are extended to the lup and shoulder joints at first with a limited 
range of movement v\hich is gradtiallj enlarged in accordance v\ith the 
improvement of the patient 

^Vhen reserve power of the heart is suflicicntlj increased active ever 
cues are instituted These are in the nature of either free or resistive 
movements The response of the cardiovascular s>stem must be watched 
carefully If the increase m the pulse rate and in the blood pressure 
persists more than two or three mmutes after the exercises or if there is 
resulting shortness of breath palpitation arrhjtlimia or precordial pain 
the exercises must be discontinued or less vigorous movements must be 
substituted until the beau is stronger Best results are obtained uhen 
there is a correct proportion belueen the demand of the exercises on the 
heart and the degree of cardiac reserve pouer 

No standard program for tvercucs can be given but the following 
rules must be strictly observed (i) There should be an interval of at 
least one hour between a meal and the exeicises (•*) No exeicues should 
be taken m the evening (3) Treatment must be progressive (4) In the 
beginning exercises are taken in the supine position later in the sitting 
and then the standing position (5) The force of gravity must be con 
sidered in execution of the excrascs Tlie operator may have to assist 
movement in upward raising of the leg or trunk and may have to resist it 

in lowering the part to the lionzomal position (6) Um or bilaierahty 
of exercises of the extremities and their range must depend on the amount 
of cardiac rescue power {7) An individual exercise is not repeated in 
the same jxirt of the body but the whole set of movements may be 
repeated if the patients condition permits (8) Inspiration must accom 
pany exercises of the arms that expand the thorax expiration those that 
compress it (0) A pause of two or three minutes should follow each 
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individual exercise, (lo) Five to ten deep respirations should precede 
and follow each ^vhole set of exercises. 

“Resisti\e exercises are of special benefit for patients with a somewhat 
greater cardiac reserve poirer. Ads-anced arteriosclerosis, conditions in 
which acceleration of the blood tends to cause hemorrhage or to increase 
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Marburg in the middle o£ the last centur)’. It liad been his custom to 
send patients suffering from various rheumatic manifestations to Bad 
Nauheim during the summer montlis for baths in tile carbon dioxide- 
impregnated, saline wateis Botving there. Many of these patients had 
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complicating heart lesions, and in man) instances an improxcnicnt in the 
caidiovasciilar system uas noted by liim as a by-piodiict. He tJicrenpon 
began tiie cautions use of these baths in i>at5ents with vaiious disorders 
of die heart and circulation and, Jiis results having been satisfactory, 
Groeclel I. Schott and otheis carried on the svork to de\eloj> a distin- 
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guished center for the treatment of these patients Auth the carbon dioxide 
baths 

Groedel I in particular carried on a long senes of detailed obsersa 
tions and established the indications for this nork and its icrhnir It 
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ts noieuorilu that during the entire fnsiors of this thcrap) at Bad 
Nauheim careful siudi of the patient and dcLiilcd regulation and olrtcr 
\-ation of the treatment Ins been an outstanding feature Since the origin 
of this thcrap) other centers aslicrc such uaiicrs arc aaaihblc have Iktii 
developed noiabh at Rovai innee Spa BeJgntm and at SirHf>?a 
Springs in this countra 
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The ph>sioIogicaI effect of the cirbon tliovide bath Ins been studied 
oxtensi\ely during die past 15 ^ears and considerable information upon 
the response of die body to its use lias accumulated Professor Franz 
Groedeic has renewed the subject recently Studies b> Dr 'W S AfcCIel 
Ian" at the Saratoga Spa are peruiient and ue quote from his work In 
speaking of the carbon dioxide baths lie states There are three factors 
uliicli must be evaluated— first mechanical factois which include the 
pressure of water on the suiface of the bod\ the buojancj of the water 
and the possible massaging effect of the gas bubbles on the skin The 
piessure of the water exerted on the outside of the body is of distinct aid 
in venous arculation as it will compress the veins and increase die pres 
sure within the abdomen These factors are of value in aiding the return 
of the blood to the heart 

In the second place there is the influence of heat or the thermic 
factor In general a bath at a temperature warmei than the surface of 
the body will increase the circulation through the skin and add to the 
ivork of the heart A bath at a temperature distinctly loner than the 
surface of the body will bring about a constriction in die skin circulation 
and the increased resistance will add to tlie woik of the heart At die 
so called neutral temperature at which the patient does not experience 
the sensation of heat or cold these thermic factors are at a minimum 
In the carbon dioxide bath some of the carbon dioxide will separate 
from the water and form small bubbles of gas which have a tendency to 
accumulate over the surface of the body Some earlier observers consid 
ered that the temperature of the gas was in contrast to the temperature 
of the water and therefore produced a reaction on the skin There is 
httfe evidence at the present time <0 sJton that tins is a hetor oi tmpoT 
tance in die physiological effects produced 

In the third place diere arc chemical factors to be considered \s 
vras slated above die carbon dioxide gas accumulates m bubbles all over 
the surface of the body Experimental evidence indicates that in solution 
It IS absorbed through the skin and produces distinct effects on the cir 
culation a detail which will be considered at length later The salts 
which are usually chlorides and bicarbonares play a part in producing 
the buoyancy of the water and also mnueiicc the release of the carbon 
dioxide 
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In stud) mg this problem die effects of these factors are manifest in 
sarious parts of the bod) meinding first the skin and its organs second 
the dcepl) seated blood sessels third the respirator) s)stem and fourth 
tlie geneni nervous system 

"Pulse Bodi hot and cold baths increase the rite of the pulse Clin 
ical observ'ations shov\ that the carbon dioxide bath at neutral tempera 
tore will in geneni low er the pulse rate This effect of course is more 
marked the more rapid die nte of the pulse at the beginning of the bath 
It IS common in imn> patients with cardiac disturbances to have a rate 
within the normal range and the diange theiefore is relatively slight 
Also in patients who are easily excitable and nervous this lowering effect 
may not appear until after a number of batlis have been taken If there 
IS a persistent increase in the rate of die pulse during and after the bath 
it may be taken as an indication that the batfi treatment is too strenuous 
for the patient and as stated above the duration and die amount of gas 
m the water should be reduced 

Blood Pressure ^fany studies of variation m blood pressure during 
and following the carbon dioxide bath have shown that in genera! the 
bath produces a slight elevation in die first minutes generally followed 
by a slight reduction Groedel and the author studied this reaction with 
tlie use of the Lange Autotonograph which allows the continuous record 
ing of either the systolic or die diastolic blood pressure In a small senes 
of normal men they found diat the systolic pressure rose slightly and 
that the diastolic pressure dropped slightly when the patient was lowered 
into the bath This reaction was noted in plain water and to a greater 
degree in tfie carbon dioxide bath As a result of these shifts in the 
systolic and diastolic pressure tliere was uniformly an increase in the 
pulse pressure which averaged 15 to "O mm Hg 

^\Tien the patient v\as taken out of die bath there v as a tendenev 
for both the systolic and diastolic pressure to return to the level noted 
before the bath Tlie diastolic pressure returned to its original level more 
slowly than the systolic In explanation of these findings one must con 
sider that mechanical pressure on the circulatory system plays its part as 
this factor is present m both the plain water and the carbon dioxide bath 
The thermal factor is minimal as both types of badis were given at a 
neutral temperature In die carbon dioxide bath there is the aclditioml 
factor of the carbon dioxide absorbed through the skin during the lime 
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ilie poiiejit M'is in the bid) The results noted in the carbon dioxide 
bath depend on the summation of medianical and chemical factors 

Venous Circulation As the result of the mter pressure exerted on 
the outside oE the bod> there is a compression of tJie superficnl blootl 
vessels and veins which aids in enipt>mg these vessels The venous blowl 
is shunted toward the heart Henderson and his co-workers found lint 
the intramuscular pressure was somewlm higher after the carbon dioxide 
bath They interpreted this finding as evidence of increased muscle tonus 
which they believe is important in maintaining venous bloorl flow The 
weight of the water over the abdomen increases the intriabdomiml pres 
sure which aids die return flow from the large veins m this region It 
also everts pressure on the chest and studies of the mtnthomcic pressure 
show that the normal negative pressure in the pleural cavity may be 
diminished and at times even a positive reading may be obtained This 
factor must be considered m the study of the venous circulation as it may 
hinder the final emptying of the large veins into the right auricle It 
also can explain the betiei results obtained in the half or three quarters 
bath where a portion or all of die diorav is above tlie water It is found 
necessary to use tins type of bath widt nnuv circulatory conditions 

The Skin Capillaries The effect of mecJunica! pressure has been 
mentioned tn the preceding paragra/iJ) Jn addiiion there is definite 
dijataijon of these vessels Microscopic studies of the capillaries following 
the carbon dioxide bath show an increase in llie number of functioning 
capillaries and in their diameter It is also a striking clinical observation 
that there is a hyperemia of the skin m those areas which have been 
directly exposed to tlic carbon dioxide water Tins hyperemia is sharply 
demarcated and does not appear m the skin winch is above the surface 
of the water Physiological studies have shown that carbon dioxide will 
prcKluce a dilatation of the capillary bed It is also known that a hot 
plain water bath will protUice a peripheral hyperenna The carbon diov 
ide baths are usually given at a neutral point where the theniii! effect 
IS not sufficient to produce a dilatation Therefore it is considered tint 
tlie influence is due to a direct effect on the vessels of die carbon diovidc 
or of other substances produced in the skin tissues as a result of the 
absorption of the carbon dioxide 

The Minute Volume Output of the Heart Results of studies of 
minute volume output by Kroetr and WiclUer !n\e shown that in both 
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fresh water baths and in the carbon dioxide baths of ^auhelm there 
IS a definite increase m the minute aolumc output of the heart In the 
plain Avater batli the aaerage increase is approximately *>0 to ■>4 per cent 
while m the carbon dioxide batli the average increase is from 31 to 34 
pel cent They noted that tlie increased output lasted as long as 40 
minutes after the carbon dioxide bath They also observed the mHuence 
of gas baths using air oxygen and carbon dioxide They found relatively 
little increase in the output of the heart with these baths They conclude 
that the differences between the plain vs-ater and the carbon dioxide baths 
are not outstanding but in each case the output during the carbon dioxide 
bath was greater than the output during the plain water bath 

The influence of this factor in the response of the patient to the 
treatment has not been carefully evaluated or determined It is consid 
ered that there is a reduction in the peripheral resistance due to relaxa 
tion of the walls of the arterioles and to muscular relaxation It is taken 
as evidence of improvement m the circulation following tlie use of the 
carbon dioxide bath 

Effect Upon Respiration The paiiems usually note that there is 
an increased effort in breathing when they are under water in the car 
bonated bath This increased effort is probably initiated by two factors — 
first the mechanical pressure on the cliest itself may prevent the ease of 
movement of the muscles of respiration secondly the absorption of 
carbon dioxide from the water results in an increase of carbon dioxide 
m the alveolar air Through its effect on the carbon dioxide of arterial 
blood a direct stimulation of the respiratory center occurs mitialuig 
increased respiratory effort Observations of the amount of air breatlied 
during the bath reveal an increase sometimes as high as 30 to 40 per cent 
in the total volume 

Respiratory Metabobsm Careful metabolic observations by 
Groedel and "Wachter have shown the following results First there is 
an increase in the amount of carbon dioxide eliminated through the lungs 
during and following the carbon dioxide bath This increase may amount 
to 25 to 35 per cent of tlie resting elimination Second they found only 
a slight increase in the oxygen consumption which v ould indicate that 
tlie carbon dioxide must come from some other source than the oxidative 
processes of metabolism Tiiird they noted that tl e maximum mnuencc 
on the tmoum o£ cnrbon dioxide eliminated occurred it the end of eight 
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nuntttes -ind tint the effect lasted for nvo hours after the batli The) 
present this as evidence that carbon dioxide is absorbed through the skin 
and eliminated through the lungs The) also found that on!) in the 
dissolved state or at least in a moist state could the carbon dioxide pass 
through the skm 

The question xs frequently raisctl as to whether tins carbon dioxide 
could be eliminated from an) other supply than from that absorbed 
through the skin The fact that the elimination of carbon dioxide follow 
ing the batJi never drops below the normal level is evidence against a 
blowing off of carbon dioxide or a shift in die liydiogen ion concentration 
of the blood One interesting finding of these observations was a respira 
tory quotient m excess of i o a finding which rarely occurs except in 
persons who are utilizing carbohydrate exclusively foi their metabolic 
requirements 

“Influence on Skm Physiology The concept wlucli describes the 
skin as an organ of internal secretion in which Lhemical and immuno 
logical substances arc manufactured is relatively new in the field of 
medicine Present day studies are rapidly adding lo our knowledge m 
this field 

The pliysiological effects of the carlxin dioxide bath may in large 
part depend on the stimulation of an internal secretory function of the 
skin It has been shown by physiologists that histaimnehke substances 
may be pioduced in the skin and also that acetylcholine is produced by 
the stimulation of the parasympathetic nerve endings Harpuder was 
able by using the galvanic current to extract a substance from the skin 
following us exposure to carbon dioxide waters whicli biologically acts 
like histamine Additional evidence is appearing to support tJie fact that 
the production of both a hisiaminehke substance and acetylcholine is 
stimulated by the action of the carbon dioxide from the bath 

‘ Summary The physiological observations of the influence of carbon 
dioxide baths show a decrease m the pulse rate an increase in the pulse 
pressure dependent mainly on a drop of tlie diastolic pressure a better 
emptying of the venous blood vessels a hyperemia with increased capil 
lary circulation a slightly elevated minute volume output of the heirt 
and increvse in respiration and the elimiinlion of large quaniitics of the 
carbon dioxide through the lungs The studies of the innueiicc on skin 
physiology are suggestive but not conclusive 
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"Results of Treatment: There is considerable difficultj in judging 
the response of patients to the tise of carbon dioxide baths. The home 
physician is in some ira>s best fitted to estimate tlie response of his 
patients because he observes their condition during tlte entire )ear. The 
ph)sician who outlines the program at the Spa sees die patient onl> for 
the three or four weeks when he is undei^oing treatment and at such 
times as he may return to the Spa for further therapj. 

‘‘In a series of patients v\ho received the naturallj carbonated mineral 
water baths, the author and his associates studied the response of pulse 
and blood pressure in 102 patients. This group included all ages from 
16 to 76 years and v\as made up of 41 men and 61 women. Tlie blood 
pressure observ’ations v\ere made at the bathing establishment each day 
before and after the carbon dioxide bath. The blood pressure reading 
before the bath was taken after the patient rested from 15 to 30 minutes. 
The authors found a definite response in approximately 30 per cent of 
the enure group. There were many patients in the series whose blood 
pressures w’ere normal at the beginning of the treatments. More detailed 
analyses of those patients whose systolic blood pressure was above 150 
mm. Hg at the beginning showed that 52 per cent Jiad a reduction of 
more than 10 mm. Hg in their systolic pressure at the end of the treat* 
ment. In reviewing the case histories of these pauents, the authors con 
eluded that tlie most marked response to treatment was show’ll by patients 
with elevated pressure due to nervous disturbances In those patients 
with marked essential hypertension or vdth chronic nephritis witli an 
elevauon of the diastolic pressure above no, relatively little change vms 
observed in tlieir blood pressure as a result of the treatment. It should 
be stated, however, that many patients in the second group were relieved 
of headache and symptomatically showed improvement. A study of the 
variation in pulse rate revealed that the large majority showed a slight 
reduction after the individual bath. This varied from file to ten beats 
per minute. When the pulse rate at the end of the treatment w'as com- 
pared with that at the beginning, 28 per cent showed definite reduction 
in their average pulse rate of more than five beats per minute. It should 
be stated that at the beginning of this study the majority of the patients 
had pulse rates varying between 65 and 80 per minute so that one could 
not expect any striking change in the rate. 
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“Another study by Comstock, Hunt and Hayden dealt tviih the results 
o£ the treatment in 107 patients who suffered from coronary disease. Tlie 
course of treatment consisted of the use of the carbonated mineral water 
baths, rest, regulated activity, and dietary control uhen needed. Obser\'a- 
tions of their physical condition at the beginning included in addition 
to physical examination, roentgen ray plate of the heart, electrocardio- 
gram and vital capacity determination. The patients were observed fre- 
quently during the course of treatment and a discussion of tlieir physical 
condition with them by the physician was a part of the program. At the 
end of the course of treatment, the observations noted above were 
repeated. The authors found dehniie clinical improvement in 96 of the 
107 patients. This was noted particularly in the increase in e.vercise 
tolerance and diminution in the number and degree of anginal attacks. 
Tliey found little variation in the she of the heart as judged from their 
roentgen ray studies. They also noted iliat in many patients the heart 
u-as ivithin normal limits at the beginning of the treatment. Tlte com- 
parison of the electrocardiogram taken at the end with that at iJie b^in- 
ning shotted s 6 cases in which there was evidence of some improvement 
in the electrocardiographic picture. This improvement was not striking 
although changes in die T-ivave were present in 82 patients. In 15 
patients the P-R intersal wJildi was either high normal or increased, 
showed some reduction. There were no significant changes in the Q-R-S 
complex. They found no significant change in the vital capacity detei- 
mination after the course of treatment. In a review of 1 1 patients showing 
no improvement, the autliors state that two did not complete the course 
of treatment, three had advanced myocardial damage and the rest had 
other complications which did not respond to treatment. In this group, 
however, two patients reported improvement after returning home. The 
authors conclude that this type of treatment is of distinct \-alue foi 
patients suffering from coronary disease. Tliey stress the point that in all 
circulatory disturbances and particularly in coronary disease it is impor- 
tant to teacli tlie patient regulated living. They point out that several 
of the patients wlio showed improvement had previously taken rest cures 
without the use of carbon dioxide baths with relatively little benefit. 

“In evaluating the results of this treatment for patients with circula- 
tory disorders, there is need for more carefully controlled clinical studies 
of patients ivlio have been treated with carbon dioxide baths. .At the 
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present time there is no ideal test of cardiac function and in these patients 
the ability to walk or exercise without the production of symptoms is 
used m judging their clinical gam In anginal attacks it is striking to 
note the decrease in the frequency and severity of tliese attacks In some 
patients they i\ill disappear completely Objective changes as seen in 
physical examination and in the studies of pulse rate blood pressure 
roentgen ray findings electrocardiographic tracings and vital capacity are 
noted m many patients However the subjective improvement and the 
regularity with which patients retuni for additional courses of treatment 
indicate the distinct value of the carbon dioxide bath and tlie place it 
should have in treating disorders of die circulation 

The question is frequently asked by physicians Cannot the results 
observed be explained entirely on a psychological basis? In answer one 
must consider the definite physiological observaitions of the influence of 
the caibon dioxide batli on the heart and circulation which have been 
presented in a previous section One also sees many patients who have 
had rest cures and psydiotherapy without striking benefit and who show 
both subjective and objective improvement following a course of carbon 
dioxide badis The author is a believer in the value of psychotherapy 
which should be a part of every treatment The better a patient under 
stands his physical condition the better he is able to adjust Ins life so 
that he lives within his physical means Education of the patient leading 
to a rational attitude toward his condition must go hand in hand with 
his treatment The author recalls a remark by a leading internist of this 
country when discussing the use of the carbon dioxide bath I am not 
so much concerned with the methods by which the results are obtained 
as I am with the fact that the patients obtain relief from their ailment 

OCCUPATIONAL THERAPY 

To be able to create something to justify the fact of one s existence 
by useful production is a basic human desire It purveys too ego 
gratification and can be made especially useful in budding up the morale 
of those more seriously ill with cardiovascular disease Even more impor 
tant in many instances is the opportunity to train the individual m an 
occupation suitable to his physical capaaty and one that may be made 
gainful This applies especially to patients in Classes 11^4 and II 5 and 
calls for individualization and ingenuity Afiny can undertake vocational 
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training others are restricted to such pursuits is cabinetrvork bookbind 
ing leather tooling tveivmg basketry and toy manufacture 

For the patient avhose condition necessitates bed rest future location 
or recompense for articles sold is a secondary consideration iihich cannot 
be permitted to interfere a\ith the need for physical and mental rest 
There are tuo groups uhich fall under Class III those luth active infec 
Horn damaging the heart and those w«h hearts already damaged and 
which have failed because of too Jieav > a circulatory burden hen such 
patients progress to Classes IIB JIA and Class 1 vocational training can 
become of importance but occupational theiapy during the period of 
bed rest may open the door to it 

For patients confined to bed it is obvious that only bed occupation 
may be utilized A bed table with hinged supports at either end is made 
easily and upon this many things may be undertaken Painting for 
instance or the making of a scrapbook For a man forced to he upon 
his back braid v\eav mg upon a suspended frame is feasible as is cord 
uork vvhicli involves knotting and tying Basketry may be done m a 
recumbent or semirecumbent position and affords much interest and 
quick results For women needlecraft is of most value Whatever the 
undertaking the prevention of physical and mental weariness must be an 
important consideration {See Chapter \X\IH ) 

ETIOLOGY OF CARDIOVASCULAR DISEASE AND 
INDICATIONS FOR PHYSICAL THERAPY 
The etiologic factors in cardiovascular disease include 
Congemtal Cardiovascular Defects Those individuals suffciing 
from congenital cardiov’ascular defects who reach maturity almost vsuhoui 
exception suffer only from such slight defect as a small opening in the 
interventricular septum and are foi clinical purposes relatively normal 
By far the greater majority of these patients houever have severe defects 
and die during the earlier years of life Any physical ilierapy limits itself 
of necessity to the myocardial status of the individual and at most would 
consist of gentle voluntary movements or better of some form of passive 
exerase such as mechanotherapy or massage This latter understandmgly 
given is probably die one most useful procedure Ultraviolet radiation 
IS of possible help and occupational therapy is highly indicatetl 
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Rheumatic Heart Disease The concept of rheumatic fe\er in any 
of Its se\enl manifestations presupposes heart damage or potential lieait 
damage During the actne stages of the disease there is no field for physi 
cal therapy but during the tedious days of convalescence much may be 
done to impro\e the physical status of tlie patient and to bolster his 
moiale 

Again the procedure used must take into consideiation the nhole 
clinical picture Massage starling uith effleurage and as cncumstance 
permits moie actue forms such as gentle kneading and vibration may be 
permitted Folloising this if no untoward event intervenes passive mo\e 
mems and then active ones follow Again heliotherapy may be used 
and suitable occupational therapy is especially indicated 

The question of hydrotherapy such as the carbon dioxide bath as 
given at a spa is not to be considered m the opinion of the author except 
in those patients who have manifested no activity for a long penod of 
time 'When properly given these baths combined with a well planned 
legime can do much to put off the inevitable onset of congestive failure 
The baths are of material use too in the earlier stages of such failme 
in combination with a regime of rest and suitable exercise 

Acute and Subacute Bacterial Endocarditis Physical therapy is 
contraindicated in these instances 

Cardiovascular Syphilis Because of earlier diagnosis and more com 
petent treatment the outlook in caidiovascular syphilis has improved 
modestly during the past few years The prospect of an occasional sudden 
death in this disease particularly must be kept constantly m mind and 
any form of physical therapy is to be undertaken with consideration The 
procedures employ ed depend as Ins been mentioned several times upon 
a careful estimate of the myocardial status Passive or active exercises re 
sisted movements massage perhaps a legime at a suitable spa are peimis 
sible and occasionally helpful 

Other Infections (Scarlet Fever, Diphtheria) The considerations 
which hold for patients suffering from rheumatic heart disease are apphe 
able m these instances 

Thyrotoxic Cardiovascular Disease ell-chosen procediues aimed 
at the lestoration of myocardial reserve are a useful adjunct to postopei 
ative convalescent cue Again tlicse procedures must be suited to tlie 
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indiMclual urcumsiante In Jaler comilesc^jce a /eu necks of r^ime u 
j smiable spi nny be of considerable benefit 

The Myxedematous Heart As an adjunci to specific tlierap) nell 
chosen phjsjcal tJierap) on be of real service Afassage ii^drotherapj i 
spa regime are well suited 

Heart and Deficiency Disease (The Beriben Heart) An increasing 
numbei of patients with cardiosascu/ar disability nlio have no etiological 
factors other than excessne alcohol and inadequate diet are being seen 
The disability \aries in degrees from tachycardia to >ery CMdent con 
gestne failure and icsponds promptly to iitainm in large dosage rest 
abstinence and suitable dietary During the consalescent state massige 
exercise and hydrotherapy are most useliil Spa therapy for the rchabibta 
tion of the physical status has proven of real service 

Degenerative Heart Disease Including Hypertensive Heart Dis 
ease, Coronary Artery Disease and Coronary Thrombosis In the au 
tlior s experience there is no group of sufferers from heart disease that 
can receive more benefit fiom the vaiious forms of physical therapy than 
these The problem presents itself as one primarily of securing the maxi 
mum of myocardial integrity and thereafter of its maintenance during 
the declining years of life This type of patient does particularly Vvell 
undei spa regime Sequestered life large increments of rest supei vised 
exercise and suitable forms of hydrotherapy uork together for tlie uell 
being of the patient There is much however that may be accomplislied 
at home to slow tlie tempo of life to teach loiiiine rest and by means 
of massage and othei suitable foims of exercise to mamtain a good 
physical status 

The carbon dioxide bath has given excellent results in liie amcliora 
tioii of the discomforts of coionaiv insulTicicnc) Although satisfactory 
experimental evidence is not yet available it is believed that an increase 
in coionary flow is produced by these baths There occurs a slowing 
of the pulse rate and often a simultaneous fall in blood pressure It Ins 
been demonstrated that the minute volume output of the heart is 
increased Alexandei Lamberts Ins evaluatetl the rather extensive experi 
mental woik done and has jjostulated a tenable theory based upon the 
action of carbon dioxide on the autonomic nervous system 

Physical therapy plays an imiiorlant part m the rehabilitation of the 
convalescent from coronary iliroinI>osis \nv procedure is coiuiainduatcd 
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until thorough healing of the infarct is complete In a stud) of the speed 
of healing of myocardial infarction by Mallory ^\^llte and Salcedo- 
SolgarJ) It tras found that small infarcts are almost complete!) healed after 
fi\e tseeks and that large ones are completel) healed or undergo no 
further discernible change aftern^o montlis Certainly then ifthemyo 
cardial status othertvise permits light massage and passire movements may 
be begun safely by the tenth week The progression from this point 
onward is gauged by the reaction of the patient At the end of four to 
SIX months may patients are benefited by a stay of several weeks at a 
suitable spa 

Pulmonary Heart Disease Prior to the stage of congestive failure 
tlie treatment of cor pulmonale is primarily tliat of the causative lung 
factor and when possible residence m an equable dry climate is of 
major importance Physical therapy during the stage of congestive fail 
urc IS governed by principles similar to those of congestive failure of 
any otlier form of heart disease 

Neurocirculatory Asthema and the Cardiac Neuroses Tins group 
represents one that ts greatly benefited and often cured by means of 
physical therapy tn conjunction with other forms of treatment They 
do particularly well under a spa regime 

SOURCES AVAILABLE FOR ADMINISTRATION OF 
PHYSICAL THERAPY 

Departments of physical therapy have been developed in most of the 
larger medical centers and not infrequently m the smaller ones Many 
physicians have facilities of greater or lesser extent in their ofTices How 
ever in the instance of cardiovascular disease tlie writer much doubts 
that any good consonant with time and energy spent can result from a 
daily trip to the hospital or the doctors office These procedures for the 
most part find their greatest usefulness in heart disease as a part of an 
organized regime at a sanatorium or at a spa and undertaken over a 
period of weeks 

The better known cures of Europe will be found most satisfactory 
particularly Bad 'Nauheim m Germany and Royat in France In this 
country excellent v\ork is being done in cardiovascular disease at Clifton 
Springs Glen Springs and at Saratoga Springs in New '\ork State 
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CHAPTER XLIII 


NORMAL BLOOD PRESSURE AND ITS 
PHYSIOLOGIC VARIATIONS 

By Edgar V. Allen, M.D. 

Introduction: In spite of a large amount of work which has already 
been done on blood pressure, there is still great need for information in 
regard to standards of normal and physiologic variations from normal. 

As so often happens in medicine, when physicians first discovered 
hypertension, they immediately devoted most of their efforts to curing it, 
and but few attempts were made to determine when a given pressure 
represents disease and when it is only a physiologic variation from the 
average. Even today there is great need for a more careful biometric and 
anthropologic approach to the problem. 

The records made in the early years are of little \alue today, because 
they were made with all sorts of instruments and with methods different 
from those which .are now commonly used. Fortunately, with the pas- 
sage of time, a considerable degree of standardization has been achieved, 
both as regards the instrument and the method. Today practically every- 
one uses a cuff of standard width and a m.anometer which is calibrated 
in terms of millimeters of mercury. For careful scientific work, the mer- 
cury instrument is to be preferred, because there must always be a little 
fear that an aneroid type of manometer is out of adjustment. 

In the early days, blood pressures were taken by the palpatory 
method, but in moie recent years most obser\ers have been listening for 
the sounds and ha\e been getting readings about 5 mm. higher than 
Uiose obtained by palpation. Even today, when studying diastolic pres- 
sures, the statistician must be careful to learn what method was used in 
determining the end point. Most obser\-ers take as a criterion of the 
diastolic pressure the beginning of tlie fourth Korotkov sound. 

But even when two obserters are using standard instruments and the 
same technic in measurement, they tend to differ markedly in their read- 
ings, and tliis for a number of reasons. Some measure carelessly: they 
( 1320 ) 



Pioneers in the Advance of the Knowledge of Diseases of the 
Heart by the Aid of Instruments of Precision 



Rev Stephen Hales <1723) <n his parsonage at Tctlding 
tan on the Thaatet using an oM mare ctttted out the 
hrst eapcrimcnts on blood pressure l-ater be made 
additional obserrations on blood veto<iC]> and cardiac 
capacity and published the »hole in Statistical Essays 
in 1733 destined to became the only conttibuttoa to (be 
sabieci lor loO years 





Sir Thomas Lewis developing the method of 
electrocardiography in the present century 
has succeeded in bringing complete order 
out of the chaotic stale of our knowledge 
of the cardiac arlhythmias 
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allo^\ the column of mercur) to drop rapidl> , and the) read to the near 
est multiple of ten on the scale Others hase unusuall) acute or unusually 
poor hearing, and this makes a difference But e\en s\hen the oscillations 
of the manometer are recorded graphically, as they are tvitli tlie Erlanger 
and the Tycos instruments, tliere is still much likelihood of differences 
of opinion, as tvas shotm by kilgoreSC many years ago He sent dupli 
cate sets of records obtained ivith an Erlanger instrument to a number 
of the leading physiologists and cardiologists in the United States he 
asked them to mark points of systolic and diastolic pressure, and he 
receued conflicting reports Tor further discussion of some of these prob 
lems the student should turn to papers by ^Varficldo^ Judson and 
Nicholson,'i8 Schrumpf and Zabel MacWilliain 64 and Noms Bazetl 
and McMiIlian "4 

Carelessness, of course, is one of the greatest causes of obtaining poor 
results, and tlie statisacian will alunys want to know how and by whom 
the records under consideiaiion were taken Furthermore he must be 
sure tint they were taken without bias Unfortunately, many of the fig 
tires supplied by insurance companies are in\alidated by this defect -kny 
physician who has ever done any eKamining for insurance companies 
knows that unless he is willing frequently to read low, the agent who 
patronizes him will soon seek elsesvhere for someone who is more coin 
plaisant Tins is not a pleasant statement to have to make but the fact 
must be faced by all who would study blood pressure with statistical 
methods 

In many ways, it would seem as if bleed pressure ought to be taken 
under basal conditions Addis' has shown that when the readings art 
made while the man or woman is still resting m bed before breakfast 
the figures obtained are much lower and more constant than those ob 
tamed later in the day The difficulty of course is that the method is not 
practical for eseryday use and it is questionable if the results obtained 
would warrant the extra incomenience to the physician and the extra 
expense to the patient Perhaps what the physicim needs most to know 
IS not the basal pressure, but the pressure that is present during the 
many hours of tlie day in winch the patient is subject to the wear and 
tear of work emotion and fatigue 

It IS probable also that much informauon of value could be secured 
by comparing the basal and the midday pressures Vs Ikouai" and Ins 
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students hate shonn, the onl> wa) m which to learn all the facts about 
blood pressure is to make readings at frequent intertals during the day 
and night, and dailj o\er a period of at least a week An}one ivho Itas 
e\er seen a record made in tins way will realize how erroneous those 
conclusions are likely to be which are drawn from i few readings taken 
liaphazardly m morning or afternoon, on Monday or on Saturday 

Let It be supposed that i physician lias found on Monday monimg 
in a certain patient a systolic pressure of 200 mm of mercury He gnes 
a drug for example, sodium nitrite, and asks the patient to return the 
next afternoon He then finds a pressure of 170 mm and congratulates 
himself on hating obtained a good therapeutic result But if the patient 
had faded to take the medicine, the reading might still hate been 170 
mm because this is perhaps the normal afternoon pressure for tins par 
ticular patient As Browai has shown u is almost impossible m any one 
case to judge of the talue of some form of treatment until die cycle of 
normal changes in blood pressure in die particular man or woman is 
first studied 

As everyone knows there are many more or less physiologic factors 
which are capable of infiuencnig blood pressure and which should be 
taken into account in all determinations especially in iliose dial are to 
be used for statistical purposes or for comparison with those that hate 
been taken by observers elsewhere The most important of these factors 
Will now be taken up seriatim 

The joint recommendations of die American Heart Association and 
die Cardiac Societt of Great Britain and Ireland* relative to the stand 
ardization of blood pressure are worthy of quotation here 

STANDARDIZATION OF 
BLOOD PRESSURE DETERMINATIONS 

1 Blood Pressure Equipment The blood pressure equipment to 
be used i\heiheT mercurial or aneroid should be in good condition and 
calibrated at t early intervals— more often if defects are suspected (Mer 
cunal preferred— British Committee) 

2 The Patient Tlie patient should be comfortably seated (or King 
— Briush Committee) with the arms slightly flexed and the whole forearm 
supported at heart level on a smooth surface If readings are taken in 

• American Heart Journal IS 9j (J »I>) 1939 
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an> othei position, a notation of diat fact should be made. The patient 
sljould be alJoued time to recover from an) recent exercise or excitement. 
There should be no constriction of the arm by clothes, etc. 

3. Position and Method of Application of the Cuff: A standard* 
sized cuff containing a rubber bag 12 to 13 cm in width should be used 
A completely deflated cuff should be applied snugly and evenly around 
the arm vvitli the lower edge about one inch above the antecubital space 
and vvitfi the rubber bag applied over the inner aspect of the arm Tlie 
cuff should be of such a type and applied 111 such a manner tint inflation 
causes neither bulging nor displacement 

4. Significance of Palpatory and Auscultatory Levels: In all cases 
palpation should be used as a check on ausciiltaioiy readings The pres 
sure in the cuff should be quickly increased in steps of 10 mm Hg until 
the ladial pulse disappears, and then allowed to fall rapidly If tfie radial 
pulse returns at a higher level than that at which the first sound is heard, 
the palpatory reading should be accepted as the systolic pressure, oilier 
wise the auscultatoiy reading should be accepted 

5. Position and Method of Application of Stethoscope. Thesteth 
oscope should be placed over the previously palpated brachial aitery in 
the antecubital space, not in contact with the cuff No opening should 
exist between the hp of the stethoscope and the skin; this should be 
accomplished with the minimum of pressure possible The hand may be 
pionated or supinated, depending on vvhich position yields the cleaiesi 
biachial pulse sounds 

6. Determination of the Systolic Pressure: The cuff should be rap 
idly inflated to a pressuie about 30 mm above the level at which the 
ladial pulse can be palpated The cuff should then be deflated at a rate 
of 2 to 3 mm Hg pei second The level at which the first sound regu 
larly appears should be considered the systolic pressuie, unless, as pointed 
out above, the palpatory level is higher, in which event the palpatory 
level should be accepted This should be noted 

7. Determination of the Diastolic Pressure and the Pulse Pressure : 
^Vith continued deflation of the aiff, the point at which the sounds sud 
denly become dull and muflled should be known as tlie diastolic piessure 
If there is a diffeience between that point and the level at which the 
sounds completely disappear, the American Committee rcconimciuls tint 
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the latter reading should be regarded also as tlie diastolic pressure This 
should then be recorded m the follouing form RT* (or LTf) 140/80 70 
or 140/70 o If these two le\eis are identical the blood pressure should be 
recorded as follous 140/7070 The cuff should be completelj dcilatcd 
before any further determinations are made 

The British Committee belieaes that cvcept in aortic regurgitation it 
is nearly always possible to decide the point at which tlic change comes 
and that this is the only reading which should be recorded 

Explanatory Comments In addition to the above specific recoin 
mendations the Committees believe that certain other factors should be 
taken into consideration by the physician who makes blood pressure 
determinations 

The relativ e merits of v arious types of spliygmomanomeiers hav e been 
the subject of numerous reports In die opinion of the joint Committees 
mercurial and aneroid types of apparatus are capable of correct readings 
if they are in good condition and both types of equipment may produce 
inaccurate findings if not in good condition Tins factor is often over 
looked in t!ie case of the mercury manometer vvhicli sliould be checked 
at intervals as to the following points 

1 The level of the mercury at rest should be exactly at the zero mark 
If some of the mercury lias leaked out this will not be the case The 
missing mercury should be replaced 

2 If the small air \ ent at the top of the glass tubing becomes clogged 
a definite lag may be pioduccd the mercury column may not register 
the pressure in the bag and the readings will therefore be incorrect 

3 The apparatus must be on a level surface since tilling of the 
manometer will result in incorrect readings It should also be level with 
the observers eyes 

A yearly calibration of die aneroid type of insirnmcni against a 
U tube standard is recommended This is particularly advisable for the 
older instruments in which a sharp blow or fall may cause inaccuracies 
due to resultant changes in the aneroid diapliragm The needle should 
stand at zero when the apparatus is completely deflated and move imme 
diately when the inflation begins Manometers winch have a stop pin 
at zeio or those which have a rotatable dial permitting the user to set 

• RT = r t arm 

+ Lr = Ielt arm 
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the zero mark any-w here are not recommended since a salishctor^ check 
with instruments of this type is impossible 

In both types of equipment the \alves of the instrument, including 
tliose of the rubber bulb should be competent and function smoothly 
The entire system including the jiressure rubber tubing and rubber 
bag must be free from leakage and must be kept in good condition It 
IS recommended that the instrument to be used be checked at yearly 
intervals against a machine knoun to be m perfect condition Moie fre 
quent checks should be made if the accuracy of the instrument is in 
doubt The rubber cuffs should be 12 to 13 cm uulc and *>3 cm long 
The cloth co\ering should be of inextensible material of such a nature 
that e\en piessure is exerted throughout the width of the ruff it should 
extend as a band 15 cm wide for 60 cm beyond the edge of the rubber 
cuff and then taper gradually for an additional 30 cm \cu types of 
cuff using a zipper mechanism or hooks on a nb extending the uidth 
of the cuff appeared to be more satisfactory than the long tapering cuff 
end If bulging occurs abose and below the band the reading ma\ not 
be accurate 

A special cuff should be used to measure blood pressure in the leg 
The rubber bag should be 15 cm wide and us covering 17 cm wide 
and 30 cm longer than in the case of the armlet (total iso cm) For 
children cuffs of the following widths have been suggested Under eight 
years less than g cm under four years less tlian 6 cm newborn babies 
less than 2i/4 cm The limited work done in this field does not warrant 
a definite recommendation at this time 

The Ameiican Committee selected the sitting position as tlie prefer 
able one because of the fact that it simplifies the taking of large numbers 
of blood pressure readings It is true that many patients are bedridden 
but m most instances tliey may be propped up into a sitting position 
without causing more than transitory disturbances in tlie circulation and 
when this is impossible it is suggested tint a notation be made as to the 
position in which the blood pressure is taken Tlie British Commutce 
did not think tint tiiere was any sigiiificaiu difference between the silting 
and lying positions For blood pressure readings in the thighs the stetho- 
scope bell should be placed over the popliteal artery VMth the patient 
prone 
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Certain ph>sical and psjchologic factors should be considered Inquir\ 
should be made as to the patients activu> just before the examiiniion 
Exercise and meals affect the blood pressure A rest period of from lo 
to 15 minutes prior to the making of the obse^^atlons uill elimnnie or 
minimize certain of these factors It is important tint the phjsicnn 
es aluate the degree of stress or emotional crises through n Inch the patient 
ma> be passing The first reading taken h) a ph>sicnn is often much 
higher than later ones due to apprehension and nenousness on ilie part 
of the patient It is often uise therefore to as oid conclusions regarding 
the blood pressure lesel of an indisidual until seseral readings base been 
made on successise \1s1t5 This is especial]^ important uith hjpertensuc 
and hyperthyroid patients Any evidence of apprehension or of undue 
concern on the part of the physician may alarm the patient and increase 
the pressure 

There are variations m the blood pressure level of certain individuals 
in the course of a day It is therefore suggested that for careful records 
the time of the day should be noted and if the patient is being caiefully 
followed with reference to the blood pressure level the observations 
should be made at essentially the same time and in the same relationship 
to meals sleep exercise and other similar factors 

The term points is suggested for use in reference to diastolic pres 
sure since the word phase formerly used implies a measure of time 
interval whereas in reality the fourth and fifth points arc the exact 
levels at which change is made from one phase to the next Detailed dis 
cussion of the second and third phases is not pertinent to tins report 
since those phases are of little if any practical importance and tend to 
confuse the issue at hand It should be clearly recognized that a single 
figure for systolic or diastolic pressure apparently does not represent actual 
pressure within from 5 to 10 mm of mercury If the pliysician wishes to 
minimize the sources of error several blood pressure readings should be 
made the highest and lowest being recorded Alihough an avciagc of the 
senes of readings might be recorded this would not have the same signtfi 
cance in instances of cardiac irregiihrily 

The deternimanon of blood pressure in arrhytlimias is unsatisfactory 
at best when made vsith the apparatus under discussion AVitli prcmatuie 
beats the higher systolic pressure of the licats that terminate compensa 
tory pauses should be ignored With auricular fibrillation both diastolic 
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^nd s)stoJjc readings should be recorded as approxirmte oiilj It is siig 
gested tliat m tins condition die a\er»^ of a series of readings for the ap 
pearance of the first sound be noted as die systolic pressure, and that smn 
lar as erages for the fourth and fifth points be recorded as the diastolic 
pressiiie The diagnosis if not stated elservhere on the patients chart 
should be noted rvith the blood pressure recording In aortic regurgiia 
tion r\ath a collapsing pulse the diastolic end point is sometimes marked 
by a less obaious change m the qiialit) of the sounds than nomiall) Tins 
change may be difficult to appreciate 

AIte 7 uation of the pulse during blood pressure determinations may 
indicate left rentriciilar weakness 

It IS suggested that uhen especially careful studies of the blood pres 
sure are to be made the use of basal blood pressure conditions should be 
considered A preparation similar to that used prio: to measuring tlie 
basal metabolic rate is recommended Such a basal blood pressure deter 
minaiion should be made to to 12 hours after a meal (preferably m the 
morning) after die patient has rested for 30 minutes m a comfortably 
ivarmroom The patient should be mentally as ivell as physically at ease 
This procedure svould be most useful in expenmental studies in uluch 
an accurate standard le%cl is desired Objections to us use in general prac 
nee are obaaous 

■\\1ien auscultatory methods alone are used the actual blood pressure 
lesel may be definitely higher than the le\el at ivluch the first sounds 
are delected Under these circumstances the palpatory reading will be 
the more nearly correct of llie two If both palpatory and auscultatory 
methods are used as recommended this error smII be detected 

In occasional instances the usual sounds are heard oier the bnchial 
artery at a fairly high lesel as the pressure in the cuff is reduced the 
sounds completely disappear only to reappear at a distinctly loiver le\cl 
This zone of silence is knoavn as the auscultatory gap Its existence is oh 
\iously important inasmuch as it is possible in such patients to inflate 
the cuff only to the leael of the auscultatory gap and to record the systolic 
pressure at the le\el where sounds are first heard which may actually be 
jo or 50 mm below the true systolic lead 

The importance of aaoiding unnecessary aenous congestion should he 
recognized This can be minimized by making certain that there arc no 
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constricting bands on the patients arm and that the pressure cuff is 
not kept inflated longer than absolute!} necessar) to make tlie blood 
pressure reading Decompression should be at the rate of approximately 
2 to 3 ram Hg per second After making a reading the cuff pressure 
should be reduced to zero long enough to allots the terns to empty before 
another determination is started 

It IS suggested that on the first examination of the patient the blood 
pressure be taken in botli arms since the taso may not be the same If 
the patient is followed for a period of time this procedure might wisely 
be repeated at stated intervals of every few months and at other times if 
indicated by developments In the presence of unexplained high pressure 
in the brachial arteries it is suggested that Uic blood pressure in the legs 
be taken also By this procedure conditions such as coarctation of the aorta 
may be detected 

If the variations in blood pressure which occur vvith respiration arc 
considerable this factor may be eliminated by taking a reading while 
the patient holds his breath at niidrespintion but this must be for only 
a short interval or abnormal blood pressure readings due to asphyxia 
and other factors will result 

Certain factors inherent in the physician such as variations in ac 
curacy of hearing must be recognized as imponam A physician who is 
aware that his hearing has become unpaired should use a stethoscope iti 
which sound is amplified to a considerable cxient and in the event of 
marked deafness electrically amplified or other mechanical devices should 
be utilized It is thought inadvisable at tins time to make rct-ornmeuda 
tions regarding automatically recording blood pressure equipment 

The combined use of the ausailtatory and palpatory mctfiods as de 
scribed herein will yield routine data tint are as reliable as those given 
by any other method Under exceptional circumstances as when the pulse 
is too feeble to produce sounds or too irregular for averaging recording 
methods may become necessary Those contemplating the use of graphic 
methods should first ascertain through reliable sources wliethcr they vmU 
subserve the ends in mind 

The recommendation of a standard procedure as outlined by the 
Committees is not intended to discourage initiative when indicated in 
special situations 
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PHYSIOLOGIC VARIATIONS OF NORMAL 
BLOOD PRESSURE 

1 Posture Sewaliss md GhnstSO studied die blood pressures ol 
normal persons as they i\ere mo\ed passuely from the recumbent to the 
erect position and found no significant diange m the systolic readings 
die diastolic pressuie rose on an aaerage about 12 mm In Cruick 
shank s20 group of subjects the aierage pressure witli the patients re 
cumbent ivas 112 mm systolic and 78 mm diastolic and with them 
sitting 103 mm systolic and 78 mm diastolic 

Erlanger and Hooker 24 found dnt nlien their subjects stood up after 
lying down some showed an increase while others showed a decrease in 
systolic blood pressure Lee \vho studied the pressures of 6O2 men 
found 83 in ivhom die blood pressure standing was in excess of ijo 
when the C62 men lay down there were only 31 with a pressure more 
dnn Z40 mm Tiie change in posture was apparently an acme one i e 
earned out by the person himself unfortunately Lee did not stale in 
which position the blood pressure was taken first His data lend some 
support to the new that systolic blood pressure is higher when tlie man 
or woman is standing 

^fortensen"l studied tlie blood piessure of 90 normal girls first return 
bent and then after they bad been tilted into the erect position The 
change produced a slight fall m the systolic and a greater use in the 
diastolic pressuie Schneidei and TnicsdellSO studied 2000 aiiators whose 
average age was 25 years In the recumbent position the mean systolic 
pressure was 1180 ■±. 02 mni after they had stood up it was 1203 :± 
o 2 mm At the same time the diastolic pressure rose usually about 8 mm 
Schneider and Truesdell quoted the results of four investigators three 
of whom found an niaease in the recumbent systolic pressure as com 
pared with the standing or sitting pressure and one who found 
lower pressures in the recumbent position Sewaliss concluded after an 
analysis of several hundred observations that the active change from liie 
lecumbent to the standing position will always bring about a rise in 
diastolic pressuie From this work it seems fairly obvious that when the 
subject of the experiment is moved passively the change fiom the re 
cumbent to the erect posture does not change the systolic pressure very 
much when however the change of posture is an active one brought 
about by the subjects ov\n muscles die pressure is raised in both types 
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of experiment t e , i\uh passi\e and acti\e change of position the dias 
tohc pressure rises 

2 Sleep Louering of blood pressure during sleep has been demon 
strated b) Landis 57 Brooks and Carrol m Brush and Fayen\eathcr,i2 
Campbell and Blankenhorn ir Mueller and Broun T2 Tarchanoffn 
Muller 73 Houell -12 and katsch and Pansdorf 52 MacWilliam<'3 believed 
that restful and sound sleep louered blood pressure sshile unsound sleep 
caused by unpleasant dreams increased it He belies ed that such nses in 
pressure might account for many of the vascular accidents uluch occur 
dunng the night He found tuo cases in uhich during sleep the systolic 
pressure rose 40 and 70 mm respecinely HillS” 38 concluded that blood 
pressure falls during sleep only as much as it falls uhen a man lies aunke 
m bed Brush and Fayen\eatheri2 found that it falls during the first hours 
of sleep only to nse again gradually so that on auTikening it is higher 
than m the esening before Campbell and Blankenhomic found the 
pressure at its louest point in the fourth hour of sleep and belie\ed that 
this lou let el w’d.i maintained for the rest of the night Brooks and Car 
rolli) found the louest pressure after the first one or tuo hours of sleep 
The pressure on auaking uas louer than it uas during the pretious after 
noon and it did not return to this high level until late the next afternoon 
So far as they could sec it did not make any difference vshether the man 
or woman slept during the day or at night LandisST found pronounced 
rhythmic changes in blood pressure dunng sleep Mueller and Broum"- 
found the louest pressure betv%een the hours of 3 and 4 in the morning 
after which there u’as a gradual return to the usual morning level 

On summing up these studies it appears that blood pressure normally 
falls during restful sleep So far observers do not agree as to the form of 
the normal enrv e of fioarfy {luctuaaan It is probable that sleep of itsell 
does not influence the blood pressure only in so much as it produces 
complete rest and relaxation 

3 Diurnal Vanations Mueller and Broun,72 ^\ho took blood 
pressure readings every hour of the day and night in a group of 2G normal 
persons found a gradual rise dunng the day and a fall during the night 
The high point in the curve came usually about 6 or 7 p m A study of 
figures 3 and 4 in their paper shovxs that there are three daily peaks in 
figure 3 they come at g a m and at 1 and 7PM in figure j they come 
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It noon and at 3 and 7 1 \t These peaks can hardlj be ascribed to the 
taking of food 

AVeissOS found s)stolic reidmgs at night 20 mm higher than those 
made at 9 A m , and Zadek^oi found a midaftemoon rise independent of 
the midday meal Hill 37 as studjing lus own blood pressure found it 
higher after a da) s work than in the morning Brownii trained a )Ouiig 
man witli severe hypertension to measure his own blood pressure several 
limes a day for months and years The curves so obtained showed a definite 
daily cycle with the pressuie lower in the morning than m the afternoon 
In addition there was a sinking weekly cycle with a gradual rise from 
Thursday to Sunday and then a fall again until Wednesday The rise from 
Thursday to Saturday might easily be ascribed to increasing fatigue but 
the high point on Sunday isais hard to understand until the man a bache 
lor and a steamfiiter explained that on Saturday and Sunday his routine 
was disturbed he missed the tranquilizing effect of work and m consc 
quence became restless and irritable 

Faught 26 found a gradual rise in blood pressure during the day Hen 
sen 30 who studied a healthy girl who remained m bed for 19 days found 
that the evening systolic pressure exceeded the early morning pressure 
by from 5 to 15 mm Sigler*” found hourly variations in blood pressure 
independent of psychic effects meals posture etc 'Weysse and LiitzOO 
found similar variations which they tiiought were due largely to the tak 
mg of food Jellinek^o studied two healthy soldiers on sentry duty and 
found the systolic pressure somewhat lower in the evening than in the 
morning 

4 Emotions Emotions tend to raise blood pressure as has been 
shown by Cannon Schrumpf**’ Marsion CC CO Cabot 14 Tixier 
Addis 1 O Hare 75 Kilborn 55 Diehl and Lees 21 Scott *3 Dumas La 
mache and Dubar 2a Tigerstedt ®4 ind Grollman 32 A rise can be caused 
by feelings of pleasure anger fnght apprehension excitement and gen 
eiaj nervousness Marston<>'' found a fill in blood pressure resulting from 
feelings of compliance and submission Scottsa found no correlation be 
tween the strength of the emotion as judged by the subject and the 
amount of change in pressure Landis and Gillette 58 00 who studied the 
blood pressure of persons being questioned concluded that the slight 
usually 3 mm rise observed sometimes during attempts at deception 
were too small to have diagnostic value 



1332 


CARDIOVASCUI^VR DISE*\SE 


The effect of emotion on blood pressure can be seen in the \\ ell knowii 
fact tint tlie reading is Iikelj to be higher at the first inierMcw than at 
subsequent ones Thus Diehl and LeesSi studied lOO Un\\ersu> fresh 
men who had been judged to be normal on the basis of a phjsical exam 
ination made shortlj after matriculation Taking the first readings made 
on each man the mean ssstohc blood pressure los found to be 1187 
±07 Subsequent readings were then made e\cr> five minutes for an 
hour After the first five minutes there uas a mean fall in pressure of 2 9 
rt 09 mm after the second five minutes there v\as another mean fall 
of 3 7 :+; 10 mm after another five minutes tlie readings became fairly 
stable null a mean of 1 1 1 o mm 

Gallavardm and Haour 29 jn a study of 100 persons found a systolic 
blood pressure from 25 to 3^ mm higher at the first reading than it was 
later when the subjects viere accustomed to the procedure 0 Hare "5 
found systolic blood pressures 21 mm and diastolic pressures 10 mm 
higher on the first measurement than on later ones when the subjects 
of the observations had been allowed to rest for from 3 to 70 minutes 
SiglerS" attempted to eliminate psychic influenfes by isolating the ex 
amining room as far as possible from outside influences and by allowing 
the patient to rest from iliree to five minutes He made blood pressure de 
terminations every minute for from 10 10 25 minutes His study of 72 
normal persons showed practically no vartaiion of piessure m 50 but 
variations of from 10 to 30 mm m the other 22 He did not slate whether 
these variations represented increases or decreases in the level of blood 
pressure Alvarez 3 uho compared blood pressure readings made on 100 
office patients on the occasions of the first and second \ isits fouml differ 
ences sometimes as high as jo mm WTien be compared the sums of tlie 
two measurements he found them practically identical 

There is no doubt that in some persons blood pressure is mucli more 
variable tlian in others and this difference may someday be found to have 
great significance Allen Bowing and RowntreeS showed that there is 
almost always a marked fall in blood pressure when a patient is put to bed 
and kept there for a few days For this reesou il is impossible lo judge 
of the € 0 ect of finy IhcTapeutic measure until the pressure has become 
stable at the nezt, resting leiel It is unfortunate that most of the phyn 
Clans uho in the past haie attempted to evaluate methods of treating 
patients tilth hypertension hate been unauare of this fact It should he 
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obvious from all this that a single measuicment of blood pressure, espe 
cially in a person uho is anxious or emotionally unstable, can have little 
value 

5 Muscular Kffort Cinnoni” shoued Uiat great muscular effort 
incieases the blood pressirre He belieted this to be due to the forcing 
of blood from the abdominal \essels into other parts of the body Dur 
mg effort the dnplingm and muscles of the abdominal uall are prob 
ably contracted so as to sufFen the trunk and thus offer support for the 
arms Cook and BnggslS found an increase in the blood pressure of 
infants during nursing Erlanger and Hooker24 noticed that moderate 
exercise i\ill sometimes dimmish diastolic pressure and severe exercise 
uill increase it McCurdjCO concluded that musculai effort can increase 
systolic pressure by as much as 70 mm and Schneider and TruesdellSO 
found that it can increase also the diastolic pressure Addisi found during 
study of ten normal persons that after short periods of excicise the mean 
systolic blood pressure rose from 121 to 137 mm and after longer pe 
nods It rose to 168 mm Systolic pressure appears then to be increased 
by muscular effort of any degree diastolic blood piessure on the otlicr 
hand is decreased by moderate exercise and increased by severe mus 
ciilar effort 

6 Meals Increased blood pressure during or shortly after eating has 
been noted by laiight 21 Loeper c** Cook and Bnggs Gumprecbt 

Sommerfeld 88 Hayasln 30 "Weiss ^>8 Jellinek'iG Zadek 101 md May 
^\''eiss 98 however found decreases after breakfast and luncheon and a 
rise after the evening meal Erlangei and Hooker24 found a similar van 
able response to meals but thought there ivas a fairly constant tendency to 
an inciease in pulse pressure MayCS believed that a postprandial m 
crease in blood pressure is to be found only m health during illness 
there is likely to be a decrease in the level of pressure Janeuay45 found 
a rise of 5 mm m the systolic pressure and an equal fall m the diastolic 
pressure following dinner and supper Maximovsitscli and Rieder C" mil 
KarrenstemSi found an increase in blood pressure after the drinking of 
fluids 

7 Difference m Blood Pressure in the Two Arms Kay and Card 
nerSS had their attention directed to differences m pressure in the tuo 
arms by the discovery of a person with a reading of 130 mm systolic 
pressure m the left arm and 165 ram in the right They studied a group 
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of 125 persons and found 25 ^vith significant differences beti\een tlie 
ineasurenients in the tiso arms The difference isas at times as great as 
40 mm in the s)stolic pressure and 20 mm in the diastolic pressure 
StephensS® found that pressures tend to be on tlie aserage from 3 to j 
mm higher m the right arm Uian in the left arm BodenstabO examined 
100 patients and foimd ten ivith different sjstolic and four i\ith different 
diastolic pressure readings in the two arms In these persons neither arm 
showed a consistently higher pressure Unfortunately m all but two cases 
he failed to slate whether the first reading was the higher, a fact of great 
importance (Diehl and LeesSi) 

8 Position of the Arm Kahn^® found on studying 27 normal per 
sons that there I'.'as an average fall of 55 mm m the systolic piessuie wiien 
he raised tlie arm from tlie dependent to the \ertical position 

9 Menstruation and Pregnancy Studies of Griffitli and his assocr 
ates3i on fiae subjects showed that die systolic pressure (standing) 1$ 
lowest during the latter part of the intcrmenstrual period It tended to 
be highest during the week of menstruation The ivork of Moore and 
Cooperio showed that memtruauon does not seem to affect the normal 
weekly rhythmic cycle of change in systolic pressure 

StiegUtzOO found a gradual rise in arterial tension during the final 
mondi of pregnancy There was a fall immediately after parturition and 
a rise again with the onset of lactation Cornell l® who studied 1000 
women concluded that m the laigest most normal group the pressure 
was lower diroughout pregnancy than in normal nonpreginnt women 
Much of die literature on the subject is summarized m his paper Seward 
and Seivardso found that pregnancy was accompanied by an early rise 
and later fall in die systolic blood pressure 

10 Constipation The study made by AJiarez, McCalh and Zim 
mermannS on office patients showed that constipation has hide if any 
effect on blood pressure No sigmficanl difference was found between 
the mean pressures of constipated and nonconstipated men In women 
constipation seemed slighdy to lower pressure 

11 Alcohol The studies of Alaairez and Stanley^ on inmates of a 
large stale prison indicate that the more or less constant use of alcohol 
does not permanently affect blood pressure IE anything it causes u to 
be lower in the later years of life 
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12 Tobacco The use of tobacco does not seem to ha\e much 
pennanent effect on blood pressure Aharez and Stanle)* found that 
nonsmohers ha\e slightlj lotver pressures than smokers According to 
Johnson -it the act of smoking if it has an^ effect at all slightl) lowers 
the pressure Janew'a)45 found a slight increase during smoking 

Recent extensne studies bj Hines and Roth-tl indicated that cigarette 
smoking produced eletation of the blood pressure in the majority of 
individuals tested by a standard smoking test The excessive rises in 
blood pressure from smoking occinred only in patients who had evidence 
of an inherently hyperreactive vascular system as measured by the cold 
pressor test The effect of tobacco smoking however is not due to a 
nonspecific stimulus but is tlie result at least in part of some element 
in tobacco smoke which causes vasoconstriction 

13 Weight As Alvarez and ZimmcnnannT have pointed out it is 
not safe to compare mean blood pressure in any two groups of persons 
unless the weights of the persons are known and factors deduced from 
these weights are used to correct the figures expressing mean pressure 
The technic for making the correction is similar to one used by stalls 
ticians m the correction of mortality rates Unfortunately more mfor 
mation ts needed in regard to this relationship between weights and 
pressure and until it is available the correction of means will be some 
what unsatisfactory The tables that are to be found m articles by Sym 
ends 92 Alvarez and Zimmermann ' Huberts Hartman and Christ 34 
Burlagei3 and Alvarez and Stanley® are all somewhat different 

It has never been demonstrated clearly that die higher blood pressure 
readings obtained in obese persons are not due mainly to the greater 
diflkulty m compressing the brachial artery in a fat flabby arm Against 
such an explanauon is the fact demonstrated by Symonds®” Alv'arez 
and ZimmermannT and Alvarez and StanlcyC that fatness before the age 
of 35 or 40 years does not have much effect on blood pressure It is after 
this that most of the effect comes 

14 Body Build It has been generally assumed that blood pressure 
tends to be higher in short stocky short necked persons than in tall 
thin rangy ones but the anthropologic and statistical study of Alvarez 
and Stanley® did not reveal any significant correlation between blood 
pressure and the pyknic index This index expresses numerically the 
relation between the bulk of the thorax and the length of the legs 
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15 Height and Surface Area Alvarez and StanleyC could not find 
in state prisoners an) significant correlation between s)stolic blood pres 
sure and either height or surfoce area 

16 Climate and Temperature TungOe compared the pressures of 
58 Americans before and after the) had resided for two or three )ears 
in China The average figures in America were 118 mm s)stohc and 76 
mm dnstolic in China they were 109 and 63 mm Life in America and 
in China ts so different that if m perhaps unwise to attribute all of the 
observed differences in blood pressure to climate alone (see Chapter 
\L\ 111) Foster**^ examined 34 men and women after a residence of 
one or more years in China The average systolic blood piessure was 
from 8 to 14 mm lower in China than in America Forty members of 
the faculty of the Peking Medical College showed a mean pressure 9 mm 
lower than it was when they were Itsing in America 

Kilborn54 examined 700 imisersity students m Szechw ni (latitude 
30*) and found a mean systolic pressure of in mm and a diastolic of 
70 mm Nine Canadian and Amencan boys raised in Szechwan with 
a mean age of 15 years showed a mean systolic pressure of i‘»o mm and 
a diastolic of 80 mm The latter group is small for comparison with the 
Szechwanese students but so far as the data go they indicate that the 
difference obsersed is due to differences in race or amount or quality 
of food and not to climate KaoSO found that students m Hunan (latitude 
34®) had systolic pressures higher than those of students in Canton (lati 
tude 23®) CadburyiO studied 774 Chinese students m Canton Those 
between the ages of 7 and 14 years were found to ha\e a mean systolic 
pressure of 83 mm and a diastolic of 51 mm those between Uie ages of 
15 and 20 years showed pressures of loi and 62 mm and those between 
the ages of 21 and 30 years showed pressures of 101 and 68 mm 

Brown n in an extensne study of daily and monthly \ariations in 
blood pressure found a tendency to low readings in warm weather 
Aharez and StanleyC examined 74 prisoners on a warm day and 135 
on a cool day The mean systolic pressure of tlie first group was 1188 
±110 mm and of the second 7 ± o 8 mm Since different groups 
were used this esidence is only suggestive 

On the whole there would seem to be little doubt that blood pres 
sure readings that are to be used for statistical purposes should always 
be accompanied by a record of the temperature of the en\ironment at 
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the time of the stud) It seems probable that the person uho is per 
spinng freely and 'ivhosc tissues arc relaxed by uirmih tall hate a louei 
pressure than the one in ho is someuhat tense from cold It mi) be found 
some di) that the big differences observed in tJie mean pressures of sev 
eral thousand university freshmen at die same school but in different 
years are due in part to differences in temperature during the ueek in 
which the examinations are made (AlvaiezO) 

17 Barometric Pressure Accoiding to Franke 28 there is some 
correlation between baiometric pressure and blood pressme but his pub 
hshed figures are not convincing OSiillivanTO lound that the systolic 
blood piessiire increased where mineis descended into mines 

Comment In order that a blood pressme reading may be of sia 
tistical value it should be made carefully vv ith a good mercury manometer 
and a cuff of standard width The mercury should be allowed to fall 
gradually and the reading should not be made carelessly to the nearest 
multiple of ten IE a second reading is made the cuff should first be 
deflated and the arm allowed a moments rest Readings should be made 
with the auscultatory inetliod Ml the subjects should be examined in 
tlie same position ind the same arm (nght or left) should be used Note 
should be made on the length of time that die subject waited before 
examination also whether he hurried to the appointment or while wait 
ing stood partly dressed in a cold loom took a warm bath or did any 
dung out of the ordinary 

The temperature of the environment should be noted and also the 
time of day and day of week If more than one reading is made at short 
intervals all of the subjects must be treatetl in the same way and only 
one metliod must be followed in reporting the results It is not good 
statistical practice to use the first record made on ten men and then to 
juggle with the eleventh man until Ins mcasiiiemcnt is brought down or 
up to die desired or expected point It will be necessary of course to 
include data m regard to sex age and weight In any published report 
of blood pressures it should be stated whether weight was taken with 
or ithout clothes 

The presence of a fast pulse should be noted as tins can probably 
account for an increase in blood pressure Note should be made also of 
the presence of a cold or other transient infection or of fatigue from a 
hard night out Finally in every paper on blood picssure all the data 
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should be presented in the form of a distribution table so that tlie) 
can be used again and analjzed further by subsequent students of the 
subject 

COLD PRESSOR TEST 

A simple lest for this response first described bj Hines and Broun 
consists of immersing the patients hand m ice uater and determining 
Uie vasomotor effect as shown by changes in the blood pressure It ivis 
found that 99 per cent of patients responded b> a rise m pressure and 
that this response uas remarkabi) constant o\er a period of time In 
a later report these authors-io report data accumulated from the stud) 
of 571 patients so tested The following technic was observed 

The patient is allowed to rest m a supine position for 20 to 60 min 
utes in a quiet room The basal level of pressure is approximated from 
several readings the cuff of the sphygmomanometer is adjusted on one 
arm of the patient and the opposite hand and WTist is immersed m ice 
water The reading at the end of 30 and 60 seconds is ascertained the 
hand removed from the ice water and readings are taken every tvso 
minutes until the level ts again reached The maximum response or 
ceiling whicli is frequenti) obtained in 30 seconds and held for a 
variable period of time and the amount of maease or range ^re the 
tivo important values obtained m this way 

These reactions seem to be constant over long periods of time and 
are characteristic for the three groups—normal norma] Ji)perreactives 
and hypertensives— into which the authors have divided tlieir subjects 

1 Normal (Normal Blood Pressure) The mean increase was 1 1 1 
mm sjstohc and 10 G mm diastolic with a range of o to 22 mm 

2 Normal Hyperreactive(Blood Pressure Within Normal Limits) 
Mean increase was 29 4 mm sjstolic and 24 5 mm diastolic This group 
m Uie opinion of Hines and Brown is most important from a prognostic 
standpoint It is not a definitely established fact that this reaction is a 
precursor of hypertension but there is a very strong probability that it 
will be so proved Seventy eight of the go patients m this group gave a 
positive hypertensive family history while only 14 per cent of the first 
group had positive histones Three of the patients examined jn 1932 
had developed essential hypertension by 1936 
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3 Essential Hypertension The mean rise ivas 47 2 mm s)stolic 
ind 34 3 mm diastolic in the organic group and 34 4 mm and 25 4 mm 
in the preorganic All these pauenu had high ceiling values 

NORMAL BLOOD PRESSURE 

The term normal blood pressure must of course aluajs refer to 
the ideal or commonest pressure found m persons of a\erage iveigln 
and of a certain age Obsiousl) it is difficult to get measurements on 
large groups of unselected or presuraabl) normal persons The ideal 
ivould be perhaps to put up booths in larious parts of set era! towns and 
cities and there to make a pressure reading on each of the first 5000 per 
sons to pass b) Since this can hardly be done the next best plan is to 
examine students soldiers employees of large institutions state prison 
ers and inmates of old people s homes Office patients ire not suitable 
because they constitute a selected group Similarly soldiers and aviators 
are not entirely satisfactory because they hi\e already been selected for 
their special fitness ind freedom from defects \pplicants for insunnce 
are not always satisfactory because so many apply the minute they hate 
reason to beliese tliey are ill Furthermore as has already been pointed 
out in their case the examiner so commonly works under duress 

1 Discordance m Results Reported by Different Observers In a 
renew of the reports of the various imestigators one of the great diffi 
culties encountered arises from the fact that one physician will measure 
pressures in children another m high school students another in college 
students another in soldiers or prisoners or insurance nsks of middle 
age and another in aged inmates of almshouses or old people s homes 
Each one plots a part of the desired cur^es expressing the relation m 
males and females between blood pressure and age but unfortunately 
when these parts ire brought together onio one sheet of coordnnit 
paper their ends rarely meet and many puzzles remain for solution 
As AharezS 4 hu shown e\en when one set of examiners works fairly 
carefully in a iinnersity infirmary from year to year decided aainations 
avill be found in die mean pressure of the thousands of freshmen exam 
med These \ariations are far too large to be accidental and they base 
been obsened in more than one institution They have been noticed 
also by insurance examiners (SyanondsO^) It would seem tliat some of 
the differences must be due to personal factors others mi\ well be due lo 
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certain c>cles of human metabolism i\hich arc just beginning to be recog- 
nized (Moore and Cooper ,70 GrifTith and his associates. 3 1 and Brounii) ; 
others again ma> be due to the fact that some examinations uere m-ide 
predominantl) in the morning and others prcdominantl) in the after- 
noon In this connection, uhat is probabI> a most illuminating obser- 
vation ivas made b) Dichl and LeesSl as the) studied loo male uniiersit) 
students The mean pressure in the morning u-as 1150 rfc 0.3 mm. and 
in the afternoon 124.1 ±03 mm Such a difference alone uould be 
enough to explain all the tarialions uhicli base been found in suimhrds 
of normal offered b) different ituestigaiors such as in almost identical 
groups as studied bj Jackson*^ and Diehl and Sutherland, 22 granting 
that some did most of their examining in the morning and otlicrs in 
the afternoon. 

2 . Desirability of Using the Mode and Not the Mean: It is un- 
fortunate that almost eser) attempt made so far to set up standards of 
normal blood pressure has been more or less invalidated b> the fact that 
the average or the index of central tendenev used has been t)ic arithmetic 
mean and not the mode. The man who is not staiistictll) trained wit! 
alwa>s use the one average v\ith v\hich he is acquainted and this, tmfur- 
tunatel), is the aritlimctic mean. As cvcr>onc knows, this is obtained by 
adding the measurements and dividing b) their number. This one ont 
of several possible averages suffers from the serious defect that it is in- 
fluenced, sometimes markedl), bj dai.i sccurctl from abnormal jversons 
.Attuall), if there aic enough abnormal persons in a group, the arithmciit. 
mean vs ill have practically no value, because it will represent a com- 
promise between the nonnal and the abnormal figures. 

To give an example* An anthrojxilogisi rnav he studying ilic stature 
of a group of persons living on a small island In tlic Pacific. The laborers 
on this island probablv are Ja|)ancsc and the overseers and the men in 
the business oflice arc Americans If the anllirojiologist v\cre to put dovMi 
at the bottom of a sheet of paper a row* of figures representing stature 
in inches and above each figure a dot for each man of that jiarticular 
height, he would find when he had finished that the dots had made two 
mounds, one with a peak or mode perhaps at almut five feet four inches 
and another with a peak at about five feet nine inchc*s Another atuhu>- 
pologist seeing this chart v\ould know immediately that his colleague 
had been dealing w ith a composite, licicrogcncous jiopulation: One nude 
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up oE a large group oE persons oE low stature together witli a small group 
with high stature The mean oi a\eiage stature o£ such a composite 
group irould be expressed bj a figure devoid of vailue or interest because 
it would fail to tell anything about the stature of either Japanese or 
Americans The arithmetic mean fails also to ivarn the investigator that 
he IS dealing with a composite group 

It IS greatly to be hoped theiefore that m all future work on blood 
pressure little attention will be paid to antliraetic means but that in 
stead modes for the dilFerent ages will be published It is reall) this 
mode that the physician wants to locate when he is searching for criteria 
of normal He does not want a compromise figure he wants to know the 
commonest or most usual pressure in supposedly normal persons and 
this obviously is to be found on the scale below the pnncipal peak m the 
distribution polygon Another valuable bit of information that the dis 
inbution polygon supplies is the range of normal values 

3 Influence of Age Systolic pressure in newborn infants of both 
sexes has been found to be between 43 and 55 mm (Reis and 
Chaloupka tt Ruckei and ConnelHS) it tends to rise rapidly so that 
at the end of the first week it is about 60 mm and by tJie end of the first 
montli 82 mm (Seitz and Becker^-*) Judson and Nicholson who 
studied 1244 norma! children found a systolic blood pressure of approx 
imatelv gi mm in the group aged from three to nine years The pressure 
wais about 99 mm in children aged from 10 to 12 years and it was 
approximately 104 mni in die years from 13 to 14 

The diastolic pressure did not show much change with the increasing 
age Taber and JamesSC studied 1101 bovs anil girls with ages ranging 
from 3 to 17 years In both sexes systolic pressure increa.sccl from about 
8g mm at rbe age of four years to 1 ij of >oars TJie 

diastolic pressure ranged from 60 to 75 mm 

Stocks and KaniOi made a careful analysis of blood pressure m 11C3 
normal persons aged fiom 5 to 21 years inclusive Unfortunately most 
of die age groups were too small for adequate statistical treatment Their 
figures for mean systolic pressure sliowcd a steady increase from 8^ mm 
at the age of five years to 130 mm at the age of 17 years After this 
there was no increase 

Burlagel" who studied 1700 girls from sdiool and college found a 
rapid increase in systolic blood pressure from 104 mm at nine years to 
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approximately 124 mm at 14 years fhe pressure remaitied about iz^ 
mm during the fifteenth year and then there uas a rapid fall of about 
10 mm to the age of 18 After this until the age of 26 years, the pressure 
remained fairly constant at a level of about no mm The diastolic 
pressure rose evenly from 63 mm at the age of nine years to about y6 mm 
at the age of 14 years and after this remained constant 

Alvarez 4 studied 365 boys and 288 girls in high school There were 
three groups corresponding to ages of 13 14 and 15 years During this 
short period of life the mean systolic pressure of the boys rose from 110 
to 121 mm uhile that of the girls fell from 121 to 120 The range of 
the measurements tvas much wider in boys tlian in girls and there uas 
much more hypertension found among them tlian among the girls in 
fact this defect uas found commonly among the boys some of uhom 
ivere normal enough to be taking a successful pan in athletics The crude 
mode of the boy s pressure ranged during the three years from about 
112 to 122 mm uhile that of the girls remained constant at about 122 
mm The measurements were made uiih the auscultatory metliod and 
with the subjects sitting 

KilbornBO lias emphasized the \ariability of blood pressure in young 
persons He studied 51 students at four different times (1) About the 
close of the academic year uhen examinations ivere due (2) in Septem 
ber at the close of summer \acation (3) just before the Christmas 
examinations and (4) in tlie spring about the time when there hapjiened 
to be some Molent agitation among the students He found the blood 
pressures greatest at the fourth determination and Io^^est at the second 
Tigerstedt^o found similar rises m blood pressure before examinations 

Probably the most extensne studies made on college students have 
been reported by Alvarez^ 4 in his second paper he analyzed the pcs 
sures of Cooo men and 8934 women Among the men the mean systolic 
pressure rose from 1295 mm at the age of iG to 130 mm at the ages 
of 17 and 18 years After this the pressure dropped gradually to 127 mm 
at the age of 30 years The mean for the women was about 118 mm 
at the ages of 16 and 17 years After this it dropped steadily to the age 
of 21 and after die age 2G it rose steadily to 119 mm at the age of p 
The modal or most typical systolic pressure for the men fell from 127 
mm at the age of iG to 1 18 mm at the age of 28 after this it rose The 
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modal pressure for the women dropped rapidly from 118 mm at the 
nge oE 16 to 111 mm at tlie age of 24 after this it rose to iiG mm at 
the age o£ 40 

This tendency for the blood pressure to show a slight drop betw een 
the ages of 17 and 25 may seem surprising to many physicians but its 
existence has been definitely confirmed by several investigators and 
actually when the data published by insurance examiners (Symonds!>2) 
are studied more carefully it will be found that they show a somewhat 
similar absence of a rise until after the age of 40 years In a senes of 
42 133 accepted risks of normal weight the mean systolic pressure 
remained between 123 and 124 mm until the age of 39 years 

AlvarezS 4 was surprised to find so many boys and college students 
witli high pressure and at first rather doubted the accuracy of his meas 
urements but his observations have since been confirmed by several 
investigators working in different colleges It now seems probable that 
there is an unusual degree of lability of blood pressuie among boys and 
youths about the ages of 17 and 18 years T/iis may perhaps be due to 
a greater semttweness of synpaiheltc nerves or to a greater responsiveness 
to emotion, and to such exciletnent as is occasioned by a physical exam 
ination Twenty two per cent of the male freshmen and two per cent of 
the female freshmen at die University of California were found to have 
a systolic pressure exceeding 140 mm As v\as shown by Diehl and 
SutJierland 22 many of the high pressures are not constant and do not 
represent true hypertension They doubtless have some significance in 
regard to the later health of the individual but only time will tell 
what it IS 

Diehl and Sutherland 22 who worked with students at the University 
of Minnesota found as Alvarez did tint many show a high pressure at 
the first examination In 1922 with 1686 male freshmen the mean 
systolic pressure was 1269 di 02 mm In the years 1923 and 1924 blood 
pressure was taken during the examination of 43^6 more students This 
time all those with a pressure higher than 140 mm weie held for several 
more readings These later readings were usually lower than the first 
and when tJiey were averaged witli the data secured from siuclenis who 
had normal pressures to begin with a mean of 122 7 01 nun was 

obtained 
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Barach and Marks studied 656 )oung men bcuvccn the ages of 19 
and 25 )ears They found 90 per cent whh sjstolic pressures less than 
150 mm and 87 per cent rsith diastolic pressures less than 100 mtn. 

LeeGO studied 6G2 freshmen and Found a mean s)siohc pressure of 
120 mm and a diastolic of 80 inni. ^Vole>ior> studied 1000 health) 
persons betsveen the ages of 15 and 65 years. The palpatory method s\as 
used The mean systolic blood pressure of the men s\as 127.5 nim. and 
of the uomen 120 mm. 

Addisi studied soldiers for basal and actuc pressures. To get the 
basal pressure, the soldier svas awakened in the morning bj the applica- 
tion of the cuff to the arm The mean pressure obtained in this s\a) in 
the case of 66 normal men uas systolic, 99 mm„ and diastolic, 71 mm. 
After tlie men had been up and about, the corresponding figures uerc 
127 and 78 mm. 

Alsarez and StanleyO studied blood pressures in Gooo state prisoners 
They found that modal blood pressures remained almost constant, about 
115 mm. from youth to old age. This is periiaps a little loucr than tlie 
corresponding figure for men out in the s\orld, but it must be rernem* 
bered that prisoners are not fatigued or ssorried by the struggle involved 
in making a living; to a certain extent, then, their pressures arc hisal. 
The mean pressure uas fairly constant, about 117 mm. until the age of 
JO years; after (his it rose. The evidence indicates thac mosc of (he men 
uho had hypertension at the age of .jo years had it at the age of 20 years, 
and that a pressure of 1 15 mm. is just as normal, and a pressure of 1 [j 
IS just as abnormal, in an old man as in a young man The modal diastolic 
blood pressure was G8.5 mni. in the younger men and 73 mm in the 
older men. 

SallerTO studied the blood pressures of 7382 men and 5197 women 
betvseen the ages of 21 and 89 years. He found that the range of systolic 
blood pressure for normal men remained between 98 and 1 j j mm during 
the .ages between 21 and 47 years, inclusive. The range for normal women 
between the ages of 21 and 35 years vs-as from 99 to 138 mm.; between 
the ages of 35 and .{7 years it was from 100 to 157 nun. Ilis studs indi- 
cated an increase in the normal blood pressure following the menopause 
of women and following the age of 50 years of men. Ix-wisGi found a 
highly significant positive relation to age in the systolic, mean and pulse 
pressures but not in the diastolic pressure. Ills studies indicated that 
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the systolic, mean, and pulse pressures increased gradually from 40 to 
62 years and rapidly from 62 to 85 rears After go years, the pressures 
seem to decline 

4 . Range of Normal: The distribution curres published by Ah-arez 
and StanleyC shou that the loner limit of normal pressures must be about 
90 nim , nhereas the upper limit is about 140 nira These figures are in 
agreement nith the impressions nhicfi hare been gamed by insurance 
examiners Many physicians becorat alaimed nhen they find a systolic 
pressure betneen go and 100 mm , but insuiance statistics shon that men 
<and rvoraen uith such piessures usually Jiare long lives Indeed, Robinson 
and Bruceri02 have concluded tint the normal range of systolic blood 
pressure is between go and 120 mm of mercury and that the normal range 
of diastolic blood pressure is between 60 and 80 mm Hines 102 study 
indicates that patients whose blood pressmes when first determined in 
the clinic are less than 120/70 almost never develop hypertension, while 
patients whose diastolic pressures under the same circumstances exceed 
85 mm of mercury are almost certain to develop frank hypertension 
subsequently 

5 Sex* It seems obvious that sex is one of the most important 
modifying factors m blood pressure First, it sliould be noted that before 
puberty there tj no sexual diSerence in sysiohr pressure ^Vbth the 
development of the gonads, the piessure of boys increases rapidly, so that 
by the age of 18 years tlieir mean and modal pressures are about 10 mm 
higher tlian tliosc of girls Figures supplied by -Mvarezt show that after 
the fall 111 the mean and modal pressure which takes place after the 
age of 18 years, tlieie is a rise which appears first in women, and which 
IS also more abrupt than in men As a result, some groups of data's 70 
sliovv that at tlie age of jo years the line repiesenting the mean pressure 
in women crosses the corresponding line for men 

A number of investigators have found that in the later years of life 
women tend to have higher pressures than men It is interesting to note 
tliat the two striking divergencies in mean pressure m the two sexes take 
place at pubeity and about the time of the menopause Alvarez and Zim 
niermann^ have sliowai also that pressures tend to be higher in isomcn who, 
fairly early m life, show signs of defecuve pelvic organs Alvarez believes 
that a tendency to hy pertension, which is probably inherited bv both sexes. 
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can, for man> )ears, be submerged in the women of a family if their ovaries 
function normall) 

Conclusions : i Satisfactor) standards of normal blood pressure are 
not )et available, due largely to the fact that the many investigators have 
not used standard metliods of procedure, and hive failed to publish dis 
tribution tables and to designate the mode which is the desired measure 

2 The old rule that normal systolic blood pressure \5 equivalent to 
too plus the age of the person being studied is certainly not true, because 
among normal persons there is no steady increase of blood pressure iiilh 
age 

3 The normal systolic pressure for men aged between 20 and 40 
years is about 120 mm , and for women of the same ages about 1 13 mm 
The normal range for both men and women is roughly between 90 and 
140 mm Normal diastolic pressure for women is about 70 mm. and for 
men about 75 mm 

It IS significant tliat many old men and women have systolic blood 
pressures of about 120 mm It is probable that a basal systolic blood pres 
sure of 150 mm is as significant of abnormality at the age of 50 as it is 
at so 

4 It IS important to know that blood pressure may be influenced in 
a physiologic way by emotion, time of day, day of week, season of the 
year, temperature, climate, exeruon, sleep, meals, posture, position of 
the arm. rest, and probably by other, as yet unknown, factors Rest in 
bed will frequently lower the blood pressure by from 50 to So tnm , and 
physicians must be careful not to ascribe to the use of drugs a loweung 
of blood pressure which is purely physiologic m origin 

5 The only v\ay in whicli a physician can learn much about the 
blood pressure of an individual is to make readings at hourly intervals 
for two days or moie Then something will be knowai about the range 
of nonnal variations and about the influence of rest, sleep, and work 
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CHAPTER XLIV 


CAPILLARY CIRCULATION 

By Arthur C. DeGraff, M.D., and Charles E. K.ossytAs\, M.D. 

Clinical Importance: In a discussion of the \-arious components 
of the circulatory apparatus, the major emphasis is usually placed on the 
heart. From a meclianical viewpoint this is probably correct, for it is 
upon the efficiency’ of the heart as a pump that the maintenance of an 
adequate flow through the circulatory system depends. However, svhen 
the circulatory system is considered as a method of supplying the cells 
of tlie body with the necessary substances to sustain life as well as to 
remove waste products, the capillaries become e-xceedingly important. 
It is at the capillary endothelium and nowhere else in the entire circula* 
tory system that exchange of substances can occur between the blood 
and the intercellular lymph. The capillary endothelium, the total surface 
of vs’hich is estimated to be 6300 sq. m.,*'*o permits the passage of water, 
oxygen, carbon dioxide, electrolytes, oonsionally certain colloids, and 
even blood cells. Tlie importance of the capillary circulation is, there- 
fore, quite evident; but, because of the difficulties in studying the capil- 
laries, particularly (heir intimate physiology, exact knowledge is qctite 
fragmentary. 

ANATOMY AND PHYSIOLOGY 

Although the arteries down to the smallest arterioles have a definite 
muscular coat which envelops the entire vessel, the capillary wall consists 
chiefly of a single layer of thin polygonal endothelial cells. Arranged at 
intervals on the outer side of the endothelium are branching cells which 
have been demonstrated by VimtrupSS to be muscle cells. Since these 
cells were originally described by RougetSi in 1873, Vimtrup has named 
them after the discoverer and today they are universally known as Rouget 
cells. According to Krogh^O it is by means of these muscle cells that the 
capillaries are able to alter their caliber regardless of their contents. 

Recent studies throw serious doubt upon this concept. Sandison^s 
and Clark and Clarki^r 23 using the rabbit’s ear and a transparent cham- 
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bei technic, A\ere unable to see spontaneous capillar) contractions Micro- 
manipulation experiments on tissues of the frog and mouse reported b> 
Zneifach,C3 and b) Z^veifach and KossmamiC4 indicate that capilhrics are 



Figure 1 Camera lucida outline of ^-ascular pattern of small blood sesscls in the 
frog Arterioles are striated vcmilo are stippled muscular opillancs (A V bridges) 
hate solid outlines nnd non mtisailar (true) capitlanes ha\c broken outlines (After 
Zucifach) 

of two types (i) ‘ Muscuhr capillaries,’ which possess pcncapillar) 
cells capable of causing onl) a partial constriction of tlic capillar) lumen 
when prodded with a microneedle, and (s) "nonmuscuhr" or “true 
capillaries," whicli possess no pericapilhr), contractile cells In neither 
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type could a contractile response be elicited by stimulating the endothe- 
lial cells comprising the ivalls 

In die resting state the true capillaries contain no blood The mus 
cular cipillanes on the other hand form a pathuiy of continuous flou 
from the arterial to the \enous side of the circulation (Fig i) They 
appear to carry on the basal ivork of the capillary bed The true capil 
lanes become acti\e only when local tissue metabolism demands it It 
is true that the latter show a gradual decrease in calibre ivhen inactive 
but direct observation in animals fails to show rapid contractions such 
as are exhibited by arterioles in response to a mechanical stimulus 

The total capacity of the capillary system is tremendous and it has 
been estimated that if all the capillaries were open to their greatest diam 
eter all the circulating blood could easily be contained within them 

A consideration of the factors regulating tlie size of capillaries and 
the rate and amount of flow through them cannot be undertaken with 
out keeping in mind the existing differences of opinion legarding capil 
lary contractility Conceivably three mechanisms may be involved 

1 Nervous Regulation Central and Local Anatomical studies have 
failed to establish a central nervous system control over capillaries 
Physiological evidence is questionable since it is difficult to separate 
arteriolar activity from capillary activity the one depending largely upon 
tlie other Proof that a local sensory nerve axon reflex exists sudi as 
LevvisS" has demonstrated m the case of arterioles of the skin is at pres 
ent lacking 

2 Local Regulation by Substances Formed m the Tissues \\ hen 
ever the skin is stimulated strongly by such agents as stroking heat 
cold ultraviolet light strong acids alkalis or electrical currents there 
action is a dilatation of the capillanes Almost simultaneously a dilaiation 
of the supplying arterioles also occurs A wheal is formed due to increased 
permeability of the capillaries just beneath the site of injury Expcri 
mentally O'? irritation of a large amount of pericapillary tissue with a 
raicroneedle often causes dilatation of the corresponding arteriole first 
to be followed in a few seconds by dilatation of the capillaries This fact 
seems to establish the reflex nature of this type of arteriolar dilatation 
It is believedGS that the capillary dilatation accompanying it is due to 
two factors A reduction in v hat may be called the turgor of the 
individual endothelial cells plus tlie increased capillary blood flm and 
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capillary blood pressure that goes svitli increased arteriolar suppl> Lems 
gues abundant evidence to shofw that m the tissues immediatel) affected 
b) the stimulus a metabolite is formed whose action is physiologically 
identical witli that of histamine This chemical called H substance 
by Lewis 3~ causes local dilatation of the capillaries dilates the arterioles 
refie\ly through an axon reflex and produces tissue edema due to in 
creased permeability of the capillary w-all The constant formation of 
small amounts of tlie H substance is saidST to regulate the blood 
supply to the tissues 

3 Hormone Regulation Pjtuitrin has been found by krogh^o 
to cause a constriction of the capillaries He presents evidence favoring 
the view that pituitrm is responsible for ihe tonus of the capillaries 
It conceivably balances the dilating effect of the tissue inenbohtes 
Lewis 37 however believes iliat m the concentration to be found in the 
arcuhting blood pituitrm has little if any effect on the caliber of the 
capillaries The problem is still unsettled 

The action of epinephrine on the capillaiies is also debited The 
great question appears to be at what concentration epinephrine ceases 
to have a constricting effect and begins to cause a dilatation If true capil 
lanes have no inherent ability to contract the role of epinephrine m 
regulating them becomes obscure 

A review of tJie means by which capillary sire and caliber are con 
trolled therefore reveals tliat substances liberated locally are probably 
most important These bring about an increase in capilhiy caliber by 
direct action on die endothelium and through a local reflex cause dilata 
tion of die corresponding arterioles This results in local hyperemia 
The role of the central nervous system and of hormones in tlie light of 
available evidence is unceitain but appears to be a seconcLary one affect 
mg capillary activity by changing arteriolar activity 

The arteriovenous anaslamoses studietl and described by Sucquei 
by Hoyer27 md more recently by Masson'tO are probably of consider 
able importance in determining how much blood gets to a capillary 
bed under varying conditions I\Int is known of these vessels has been 
siimmarued by Clark 12 In man they are numerous in tlie nailbeds and 
distal pads of die fingers and toes in the penis and in the glomis coccy 
getim i"' 14 2” -3 Z~ 40 4S they are rarely found m die heart 59 in 
the pericardium 44 and m the pn mater 57 That they exist elsewhere 
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in human tissues is probable tliough not proven From the experiments 
of Grant and Blandss it appears that these shunts are important in 
regulating tlie shin temperature of the fingers 

Substances may pass through the capillary endothelium by thret 
metliods— diffusion filtration and permeation The capillary iiall forms 
a semipermeable membrane and ruthm certain limits behases accord 
ing to die physical lius of diffusion so For crystalloids and gases the rate 
of diffusion IS proportional to die differences in pressure on each side 
of the membiane and the diffusion constant of the substance pissing 



FicuKG 2 PhotogiDpli of ap Itar «s of ns 1 foM 
(Strax and DeCralT Am HnrtJ) 

through The colloids of the blood are held back hotveser ind a\c 
responsible for the oncotic pressure exerted by the blood in the capil 
lanes this prcssuie being of the mture of 30 mm of mercury Op 
posed to this is the capillary blood pressure tvluch is also approximitely 
30 mm of mercury Changes in balance betueen diese two pressures 
largely control the filtration of capillary fluid Capillary permeability 
may be increased usually by injury to a point where plasma protein 
and eten cellular elements escape into die tissues The ordinary process 
of inflammation is an example 

METHODS OF CLINICAL STUDY 
Visualization Tlie study of die capillaries in man presents certain 
difficulties Chief among these is the inaccessibility of tliese lesscls excepi 
in the skin The entne capillary loop is best obsened in tlie nail folds 
of the fingers or toes Tlie capillaries in the papillae of the fold he more 
or less horizontally while elsewhere they are arranged more vertically 
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The capillaries ma) be visualized directl ><0 by instantaneous pho- 
tomicrography G 53 or by cinematographic microscopy 1 C The difficulties 
in all methods arise from the glare reflexes and haziness that go luih it 
These can be surmounted in laige part uith the Ultropak of Heine 25 
^Vitli this method indirect illumination the rays oE uluch are outside 
die rays oE the observation optic is used It is sufficiently practical for 
clinical use lO 



It IS perhaps important to point out that by no method at present 
available can the capillary endotlieliiim be seen through the intact skin 
of man The image observed in the capillary microscope is the corpus 
cular stream Clinically its size vanations in size tortuosity, and rate 
of flow*! are noted IVith photographic methods the area of capillary 
blood or the number of capillanes per unit of skin can be measured 
9 Cl (Table I) 

Capillary Pressure Many methods have been described for dc 
termimng capillaiy piessure Tliese fall into two general classes The 
ducct and the indirect In the first class probably the most accurate is 
the (hrecl method devised by Landis'i^ (Tig 3 ) A nncropipette with 
an orifice of 8 to 12 microns in diameter is inserted in the capillary It 
IS controlled by a ChambersH micromanipulator which is capable of 
moving It vertically as vvell as horizontally The pipette is filled with 
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Hind fioin a resen ozr and connected to i in inometci Pressure is applied 
until onl) a feu corpuscles remain oscill ihng at tlie tip of tJie pipette 
\ reading is then taken 

This method unfortunate!) is not icadil> adaptable to clinical use 
It requires an extremely high degiee of skill on the part of tlic operator 
and an e\en higher degree of patience on the pan of the subject Special 
training is neces-sarj to operate the miciornampuhtoi siicccssfulK To 
appl) It to microinjection of human capillaries is a task for tlie expert 
Then too before insertion of Uie pipette into a capillar) it is aluavs 
necessar) to rcmo\e a tliin la)er of epidermis with a keen razor blade 
E\en uitli this precaution the author states breakage occurs frequenil) 
Landis apparatus houeser obiiates mans technical errors of tlie method 
of Carrier and Rehberg so that the results obtained ma) be taken 
as the standaid measurement of capillar) pressure in man The nonnals 
obtained b) the method average 32 mm of mercury m the arterial limb 
20 mm of mercur) m the loop and 12 mm of mercur) m the \enous 
hmb 

The aiailable indirect methods tor measuring capillar) pressure hate 
been resieascd b) Sirax and DcGraffs^ These mi) be subduided into 
those tshich use blanching of the skin as an endpoint and those uhich 
use as the endpoint some phase of cessation of flow as \isualued micro- 
scopicall) The results obtained when skin blanching is used as an index 
of capillar) pressure are fallacious foi the follouing reasons (1) Initial 
blanching of tlie skin is due chiefi) to an ciacuation of the superficial 
venous plexuses (2) variations in skin pigmentation of different subjects 
make the endpoint difficult to determine (3) personal equation is too 
important so that different workers using the same apjnrauis obtain 
widel) sniping results (i) several of the devices in use have inherent 
defects which make for inaccurate determinations 

It seems that an indirect method with a more dcrmitc endpoint is 
the one of choice for routine clinical use provided that it is accurate 
and practical to make maintain and use The metfiods wiiicli permit 
of direct visualization of capillaries are those of Lombard 30 Giiil 
laume 24 Rajka so Kraiiss Dan/er and Hooker is Kvlin 31 and Strax 
and DeGraff S4 AVith the first three and the last pressure is applied to 
the skin surface b) a rigid transparent material VMth the others it is 
applied hv an elastic capsule Even using the endpoint of slovMug of 



1338 


CL\RDIO\ASCUL.VR DISEASE 


capillary flou houe\er the pressures obtained m normals by these 
various methods tary from i mm to 45 mm of mercury Here too dif 
ferent a\orkers using the same de\ice lia\e obtained different results 

These facts without question seriously dimmish the importance of 
clinical capillary blood pressure determinations by any but the direct 
method but they do not make pre\ious obsersations useless The same 
in\estigator using the same method in normal and abnormal subjects 
may obtain clinically important relatue differences in die tuo even 
though the absolute \alues are inaccurate 

The method of Strav and DeGraffa-< is simple to use and quite ac 
curate although the use of initial slowing of blood flow through medium 
sized capillaries as an endpoint has been cruiazed34 

Technic of Str.\x and DeGraff Method The apparatus consists of a 
leser (Fig -iA [a]) a spring (d) a finger rest (e) and a scale (c) Tlie 
leser is approximaieh 20 cm long At one end jt contains a circular plate of 
glass (b) to which is attached a smaller plate of glass (/) 2 mm m diameter 
Between the glass and the fulcrum a scresv is inserted into die Icscr which has 
attached to it a spring (d) the other end of whicli is attached to the base of 
the instiaiment On tlic Icscr rests a mosable ruler (g) used m calibration 
of the instrument TTie pointer of the lexer is m propinquity to a scale A 
rest (e) is proxided for the finger x\hidi can be raised or lowered at ease in 
a xertical plane to bring the latter into projxir relationship to the glass (f) 
The lexer can be kepi lexel bv adjusting- the screxv xxlucli r^ilates die tension 
of the spring 

The instrument can be placed conxcniently on the stage of a microscope 
and clamped there to present moxenieni Reflected light is used The stronger 
the light concentrated at die point of e\ao«nauon the clearer the xiexv of the 
capillaries obtained Good results howexer can be obtained by plaang an 
ordinan micro cope lamp on the base of the instrument which is on the 
stage of the microscope so that the light is concentrated on the finger \ 
magnification of about 90 to 100 \ is used 

To calibrate the instrument at any time the weight is placed on the rider 
the amount of deflection caused is noted and by simple arithmetic a factor 
IS found which when multiplied bx die deflection obtained m measuring 
capillary pressure gixes the pressure direcdx in millimeters of merairx Tht 
instrument xvhich is pictured herexxiili is calibrated so that each millimeter 
on die scale equals two millimeters of merairy pressure 

A reading is taken as folloxxs Tlie patient is at rest in the sitting posture 
xvith his hand well supported at heart lexe! to obxiate differences due to 
hydrostatic pressure A drop of cedarwood oil is placed on the finger at the 
nail fold The finger is placed on the rest (c) and raised by means of tlic 
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screw so ilni the glass (f) mints in confrct with the sltn at the nail fold 
B) ssatcliing the mosemeni of the Icser on iht- scale tlic point of contact is 
casih determined The microscope is Ihen focused on ilic cipdlar} btd 



FirtRE -I Imlitect meiho«I of Suax and DeGniff -f V close «[> plioiognph of the 
apparatus below is a sketch showing ihe principles of rnnsirticlKn cf the in-itrunient 
D kppiratiis SCI up with microscope an! limp (Siiax an 1 DcCralf \m llearij) 

through the glass (b) Pressure is cisih applied b) means of the screw raiv 
mg the finger rtsl against the Ic\ci The other liand manipulates the focus 
of the microscope \\ htn the endiwini is reached tlit pressure ipphed is 
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lead o/r clircctlv on chc sc ilc m iiiilliiiictcrs of jutraii-) One j>crson nn cisjIv 
make a readnij' 

Renclinj,s ire t ikcn on i\\o ot ihitt iijnllaries in tlie same finger mil ilic 
results ascraged OnU the more stijicrficnl capillincs ire used 

In a senes of jO noriml subjects the readings obtimtd bj this methoel in 
70 per cent Mere 22 to 2o mm of incrairj in 20 per cent ucrc 18 to 2! mm 
of niercur) and in ten per cent were 26 to 29 nmi of merenr) 

Capillary Fragility Tlierc ire three methods ivnhble whitli irc 
said to measure ciptlhr) frigthi) 

I Rumpel 1-eedc lest Rumpel s original cvpcrimcnt of prtHlucing 
hemorrhage in the skin of the imcciibinl fossa in cases of scirlci feser with 
the use of a Bier compression band wis dcseloped into a clinical test in 101! 
b) his assistant Lccdc \arioiis niodificiiions ha\e been used h) miii} 
obseners especiall) as in aid in the lecogniiiun of less scscrc fonns of scurv) 
Rcccntl) the test Ins been quantititcd bj Cothlin’'* as follows The jntitiu 
IS renimbent and the arm horizomal A circle C an in dnmeter is marked 
out with ink on the anterior surface of the elbow Beciiise hi^li pressures 
inlhienec the arterial aniuenc of the cMrcinu) Gothlin recommends tint 
infradiastolic pressures be ippbctl with i blood pressure cuff abuse the clhow 
Pressures of 50 and Oo nini of mcrair) arc used beginning with 50 mm 
of mercur) \fier 15 minutes tlic pressure iscjutckls rclcasctl and the pticchnt 
in the circulir area counted with the iid of i hind lens If no |>eicrhuc 
appear the test is repeated on the simc irm using a prissme of 65 mm of 
rnercun If the pressure of 50 nun of mercur) prmluces one to / mr jittechnt 
no further trial is iieccssan The limit of the capillar) strength is thin some- 
where in the neighborhood of jO nun of mcrairs If thcic are more linn four 
then the other ann should be tested with i pressure of 3j mm of inernin 
If at least two pctcchne are pliml) iisibic at tins pressure too tlic limit »>f 
ci|)ilhr\ sirent,tli is then less than Si imn of incrcurs If jictuhnc ipptar in 
one inn it should not he used for rticsiiiig during the nc\t formighi 
On the basis of the rcsulis casts are gridcil as follows 

Critic I Peicchnt do not apjicar at or below Go min of mciciir) 
Grade II Not more ibm six jKiccline at 50 mm of mcrairs 
Cndc III More than six {KUtbtae at 50 mm of mcrairs None it 
3 j mm of mcrcui') 

Grade I\ Petccbiac (at least two) at 3 j mm of mcrairs 
Goililin feels tint Grade III rt|)rescnis tindotilmd reduction of rapillan 
strength Grade I\ a mine pronotincctl icthifttoii 

2 Siiflion or Ncgaiisc Prtssun. Tesi \ sacuiim is created in a small 
glass'capsult apfilitd to the skin ‘ The Mnallest negatise preamre apphal 
for tme liiimnc wJiicIi caiistsmitroscopic jKUtliiit is regarded is iheciulfKimt 
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3 Intradcmial Venom Reaction One tenth to 0.^ ct (I or 2 litmor 
riiagic units) of i stainhrducd mocassin snikc senom’o is injected iiiti idtrm 
all) As ”1 control 0 1 to 0 2 cc of norm il saline is simihrlv injected A read 
mg IS made at the end of 30 to GO ininutes Ihc test is posiiisc if an cccli) 
inosis IS present at the sire of injection of the senom Delajed positive reac 
tions orair in 12 to 24 liours 


There are numerous objections to the so-calltd capillar) fragtlit) tests 
The fact that they are positive in the majority of hemorrhagic dtaiheses 
and purpuric states not onl) impairs their clinical value but also emphi 
sices the impoi lance of factors other than decreased resistance of the 
capillar) wall in bringing about a positive result Tlic suction test )ields 
results which differ vvidel) in normal subjects and in different skin 
legions of the same individual 1 AH of the tests have been used foi the 
determination of subclmtcal scurvyS 20 .C but tlieie is considerable 
difference of opinion regaiding their value The originators of tlie snake 
venom test4C consider it of most value m classifying and prognosticating 
cases of ihromboc)topenic purpuia hemoi rhagica 

Capillary Permeability Chnicallv capill ii) permeability can be csii 
mated from the blister time 

An ordiiiaiy cantliarides plaster is applied to the innei surface of tlie 
forearm The time vvlien tlie first elevation appears ts the blister time 
Tlie protein content of the blister fluid and of blood from the eai lobe 
IS then detennined simultaneously by Petersen and Willis who have 
worked out the following indices on normal sub|ccis 
Percentage of Hlis*cr Promm 


Pcimeabilit) Ratio 
Inflammaton lnde\ = 


„ , - _ GS (raii_c j7 to h <) 

Perccniagc of Scrum Pinicin ' 

Pcrmeabilitv Ratio , ,0 10 \ 

10 5 (range 3 8 to 18 )) 


'Blister Time 

The fust IS regarded as a measure of the resjionse of the capillary 
endothelium to a direct stimulus and the second as a measure of the 
relative inflammatory lesponse of the individual 

The test does not appeal to have been used veiy widely 


CAPILLARIES IN DISEASE 

A\ ulable obseivations on the capillaries in health and disease have 
been jiutially suminirired iii T ihlt 1 In shod (ixtiriin) following 
liauma or singled m uupul iiion time is gcncrih/cd <hl nation but innic 
paiiiculnl) in the s})hntlinic area Capillary ficrincabiliiv is grcnly 
inticased by tlie shock pioductng agCnt with consequent loss of fluid into 
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the tissues lieniocoucentrttion nnd Ion blood pressure Microscopuatl) 
the cipillancs ippeir engorged mtli smic blood -ll The fonnation of 
lusnrainelike substance at the site of injur) m all probabiht) is the 
enuse o£ the genenl cnpilHry dihtation 

In polycythemia^ more capillaries iie Msible the \enous limbs arc 
nnrkedl) dilated and the blood flow is considerabl) diimnislud In 
anemia fewer capillaries are open and the blood flow is rapid C 2 

With hypertension- 3 Ci there is frequently tliongli not always an 
increased tortuosity of the capillaries in the nail fold The capillary pres 
sure may be low or high On tins basis- 3 cases of hypertension ha\e 
been classified into two groups which cannot be dilferentiatcd by ordi 
nary clinical methods In general the capillary pressure is more directly 
related to diastolic than to systolic blood pressuie Weight and Duryee'*- 
ha\e shown that the rate of fiow is increased in hypertension so tliat when 
using their two minute flow test it is rare to find stoppage for longer 
then four seconds 

In hypotension the capillary loops tend to be long stnrght and 
dilated Stoppage is frequent 

During tile acute stages of ghmeruhnephri/ij there » a fairly con 
sistent eleaatioii of capillary pressure 3- 43 This may precede albu 
jMjnuj-ja 15 was observed b> K>bi) in cases of scarlet fever coinpJjcatetl 
by nephritis With convalescence the capillary pressure again lentb to 
reach normal levels 

In chronic nephrtlis tortuosity of capillaries is the most constant find 
mg more marked when hypertension has been present for some time 
From the work of Alufson^- it apjveais that high capillary pressure 
in the course of one of the toxemias of pregnancy is of poor prognostic 
significance both for mother and fetus 

In congestive heart failure with regular sinus rliythm or auriailar 
fibrillation more capillaries pei unit of skin arc visible Uoili tlie arterial 
and venous limbs are wider than normal and die rate of flow is de 
acased it* It is probable that the edema of congestive heart failure is 
principallv on the basis of abnormal capillary permeability secondary 
lo increased venous pressure and anovia of the ciuloihchttm 

In Itnynaud s disenie Uaiidis»‘ using liis direct method found a drop 
tri prcssiuc in tJic cipilJary 1 «>]> dining. *hc iniiiil phase of an mark 
a marked rise during the phase of hyperemia followed by a gradual fall 
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to normal pressure The mitnl fall is in the hand at least due to digital 
arter) spasm 38 At first there is pallor of the digit but as a\ailable o\) 
hemoglobin in the stagnant capillary and \enous blood is reduced C)a 
nosis ensues 

Broun Allen and \fahomer~ found tuo types of capillary changes 
in cases of thromboangttUs obhteraus In the first the capillaries uere 
moderately dilated and a large number ucrc open and actiie Depend 
ency of the limb incieased this nnmbei Flow was slow and inter 
mittent In the second only a few capillaries were Msible at room tern 
peratures ’WitJi rise of environmental temperature a slow increase in 
the rate of flow occurred and a feur more capillaries become visible 

In arteriosclerosis the density (area of visible blood) of the capillary 
bed on the forearm is not abnormal but the rate of fiovv is frequently 
decreased Gi 

Some stndiesSS 35 49 l)a\e been made whidi show that in a general 
way capillary development in the skin may be inhibited m mentally 
deficient individuals 

Capillary pulsation has been considered a sign of aortic insufficiency 
Crawfords cinematographic observaitions on the capillaries in the nail 
fold made simultaneoiisly with an elecirocarthograin failed to sliou pro 
pagaiion of the artenal pulse wave alon^, the capillary vvall in jiatienis 
with aortic msufiiciency landiS'tJ has occasionally observed variations 
in capillary pressure vvitli the pulse in normal subjects and quotes34 
Hurthle as having seen rhythmic increases in capillaiy blood flow during 
cardiac systole The observations of Cm>ford on the one hand and of 
Landis and Hurthle on the otlicr are not necessarily contradictory but 
do indicate that the mechanism involved m the clinical phenomenon 
called capillary pulsation is not clear 

It should perhaps be recalled tliat the plienomenon may be observed 
III a warm nonnal subject as well as in ilie patient with aortic insufTi 
ciency 37 

In urticaria insect biles and herpes ^osler the local skin lesion is 
due to the temporary increase in permeability of the capilhry wall per 
mitting the passage of fiuid into the surrounding tissues 

It IS evident from the foregoing review of chniral conditions in wliicli 
the cipill iry cirnilation is involved tint as yet knouUtl„t of the subject 
IS fragmentary and quite incomplete ^\uh the dcvelojimeni of better 
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meins of stud)ing the capillir> circuhtion from ill ingles in licilth iml 
diseise lull come i greitcr ippretntion of llie im|iorlinte of tins portion 
of the cnculitor) s)stcm 
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CHAPTER XLV 


VENOUS PRESSURE 

H G ScmciTCK, MD 

Venous pressure readings with onl) minor exceptions reflect the func 
tiorn! efficiency of the right side of the lieart A normal right heart t\ill 
respond to an increasing venous load by increased tesponse in heait rate 
and stroke volume so that the venous pressure tends to be equalized 
and remain at a normal level When an insufficient nglit heart cannot 
respond to an increased venous load, the jiressure in the systemic veins 
rises to abnormal levels If tlie pressure remains sufiiciently high, the 
characteristic manifestations of right heart failure take place such as 
visible engorgement of the superficial veins, particularly m the neck, 
enlargement of tlic liver and accumulation of fluid jn the body spaces 
and tissues It is obvious tint Uicse clinical manifestations depend on 
a single factor — namely, an abnormally great venous load The impor 
taiice of meastinng this venous load, or venous pressure, becomes evident 
Before considering further the factors vvlucli influence venous pressure, 
It seems advisable to consider first the principal methods of estimating 
venous pressure There are three vvays of doing this (i) By observation 
and palpation of die periplieral veins (2) by recording on a manometer 
the point at which a peripheral vein will collapse under pressure (3) by 
inserting a needle into a superficial vein and recording the pressure either 
in terms of a column of hlooil or a cohinm of fimd, such as salt solution 
which IS in communication with the venous blood flow 

^Vhatever method is employed the patient should be at rest in the 
recumbent position for i j minutes to one half hour before the determina 
tion is made, and he should lie with liis head m line with the bodv, or 
as nearly so as his condition will permit The vein which is used for the 
determination (usually tlie antecubital vein) sfioiild be on a level with 
the right auricle This may be done by having the arm resting on a 
cushion so that the anterior surface of the arm (the zero jHimt of tlie 

(ISG 7 ) 
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miiioinettr) is lo cm abo\c iJic lied l 1 he ann should also l>e evtended 
someuint im\ from tlic IkkIn, abotii ile^rtcs Tlie arm and chest 
should be free of clothing 

The first method is referred to ibosc consists in msing the arm 
sloub at the side and noting the height abose the sternum it i\luch the 
\cms on the dorsum of the hind will collijisc The junctioti of the left 



Finur I liKlimi p»r»Miic imootneicr f>t tlwlrr ant trJrt 

(C'tl»»j«c«lj3 «f M«licme F \ IIjmi Co) 

fifth costil ciriiligc SMih the stermun is iiLcn is the rLfc4*... 
This method can do no more ihm gt\c a \cr\ rough idea of the 
pressure sphere the latter is quite cxaggcmctl If no other mrtli 
asiilible It mi\ at times lie of use, hut should not be considi. 
eonipanblc to the second ind ihirtl mctluKls inetiiioiied iIkuc 

Indirect Method: Tlie indirect mctluxl ofj^mating senous ^ 
sure IS best cxcmplifietl b\ the ipjuritiis of ’"'^^IH^ind hs-stcr^*** 
nnhes use of a smill metil iir clnmlicr, cm glass disc 

IS fisicncel o\tt a \citi of the hind oi foreit This t' 

IS ronnectetf witii a uiter minometer to ss* “.d a * 
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bulb Sufficient air is pumped into the cliarabei to collapse the \eni 
under obsenation The height at ivhich the water m the manometer 
stands at the moment of collapse repiesenis the senous pressure reading 
Wheie tlie aeins are clearly visible this metliod is satisfactoi> and accu 
rate However v\heie the veins arc not dcarl} visible it becomes difficult 
and IS also subject to peisonal error 



Direct Method {a) The method of ^^o^u and von Tabora-J cun 
sists of a needle of sufficient!) wide caliber (i8 gauge) connected b) 
means of a piece of \ tubing to an upright manometer and to a container 
liolding normal saline solution (Hg *») The zero point of the inanom 
eter is placed at lo cm above the level of the bed and the arm icsis 
on a cushion as described above TIic needle is inserted into a vein 
at the bend of the elbow and saline solution permuted to enter from 
the manometer The point m the manometer at vvhich the saline stops 
flowing represents the \enous pressure level Tins method js accurate 
and has the advantage that readings nia) he made over a minihn of hours 
ai a time if desired since the blood does not lend to clot m tin netdit 
A simjder method and one qiiicLl) ipphcd mtisurcs ilic column of 
blood directl) An L shaped calibrated glass manometer is connected b) 
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nnnomeier) 15 10 cm ilw c the bed 1 Tlic aim should -ilso be extended 
someulnt tui) from the botly about t 5 ‘Jcgrccs Tlie nrm and cliesi 
should be free of clothing 

The first method as referred to abo\e consists in raising- the arm 
slo\ at tlie side and noting the height above the sternum at ’which the 
veins on the dorsum of the liand mil collapse Tlie junction of the left 



F r Tir I I 1 reel ic n prea rc ma me cr of 11 •« Ver a 1 F s cr r«Ics gr ed by 
F l«T (C)clopcil j tyf Meil a e F \ J)j ft Co) 

fifth costal ( irtilagc s itli the sternum is taken as tJie reference fioint 
This method can do no more than give a \cr\ rough uka of the venous 
pressure where the latter is quite exaggerated If no other method is 
available it nn> at limes be of use but sliould not be considered as 
comparable to the second and third methotls mentioned above 

Indirect Method The indirect mctliotl of estimating venous prt>s 
sure is best exemplified b) the apparatus of Hooker and E>su.r ” It 
makes use of a small men! air clnnibcr covered b> a „tavs disc v\fiicfi 
IS fastened over a vein of the hand or fomnn (Fig i) This chamber 
IS connected viitli a vsater manometer to vsluch is also connected a rubber 
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bulb Sufficient air is pumped into the cliamber to colhpse the 'lein 
undei observ-ation The lieight at i\liich the tv iter in the manometer 
stands at tlie moment of collapse represents the \enous pressure leading 
^Vherc the aeins are clearly ijsible this method is satisfactor) and accii 
rate Hones er nhere the \eins are not clearly Msible, it becomes diffituU 
and IS also subject to personal erroi 



Direct Method (a) Tiie method of MoiiU and \on Tabora-t ton 
sisLs of a needle of sufficiently wide caliber (i8 gauge) connected b> 
means of a piece of \ tubing to an upright manometer and to a container 
holding normal saline solution (Fig -) The zero point of the nianoin 
eter is placed at lo cm abo\e the le\el of the bed and tlic arm lesis 
on a cushion as described aho\c The needle is inseried iiuo a \ctn 
at the bend of the elboiv and saline solution permitted to entei from 
the manometer The point in the manometer at ivhich the saline stops 
floxving represents the senous pressure level This method is accuruc 
and has the advantage that readings may lie made over a mimbei of hours 
at i lime if desired since the blood dots not tend lo tloi in ilit uettik 
A simpler method and one tpiiekly applied measures tlic colmnii of 
blood directly An L shaped calibrated glass mariometci is connected by 
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means of a sufiicieml) uide needle (i8 gau^c) to the blotnl nithin a 
\ein.*> The bore of this lube is j mm. The readings are made in terms 
of a column of blood (Fig. 3). This, compared uiih the column of 
saline, intohes an error of not more ihati 05 cm. so that uiih ibis 
reservation the readings by this method and bj that of Morii? and von 
Tabora are comparable. TJic cuJI of a standard sphygmomanometer is 
loosely applied to the arm. well above the clboiv, and the skin at the 
bend of the elbow cleansed with iodine and alcoliol. The veins if not 
distinctly visible are now made so by innating the spliygmomanomcicr 
cuff to a pressure of 10 to 13 mm of mercury. The needle attached to 



Tk LRf 3 hlfcci tnaiiofrcicr for mriMiritit; tetimw i>rcv<ure m lfrm< of cctuimcim 
of Llwxl (C>cIopc<li3 of Mnlicinc, f A I)3\oC<>) 

the manometer is inserted into the vein and the cuff pressure imme* 
diately released by opening (he outlet v.alvc. The constrictioti of flic cuff 
IS thus removed before tbc blood has rc:ichc<! the elbow of the glass tube. 
W'heu the column of blood Ins ceased rising in the tube the reading is 
taken The entire procedure is completed in less than a minute. 

In order to insure the correctness of tbc reading and the patency of 
the ncetllc. the cuff is now slightly inflated, so as to make the blood rise 
still Iiigher m the lube. Tlic cuff is then deflated and the ncctllc imme- 
diately removed to prevent a return ffou of blood. In order to prevent 
possible coagulation of the blood it has been recoimncndcd by Oj)[>cn- 
heimcr and that ibe manometer and needle should first Inve 

their lumen rinsed vvitli ten per cent sodium citrate solution, 'flic entire 
jiroccss requires practically no more time than an average estimation of 
arterial bliMKl piessure. In |o nnrmil |Mtients. tbc venous pressure bv 
tins metluKl varied bclweeii 1 and 11 <in., tlie majority of the figure^ 
ranging lK*tv\een 0 and 8 cm. It is not usiiaffy ncrcssarv to take readings 



VENOUS PRESSURE 


1571 


more than once a day The amount of blood lost during a reading js 
negligible — i to 3 cc 

Oppenheimer and HitzigC hLeivise call attention to the \ahie of 
obsening the effect on lenoiis pressure produced by compression o\er 
the right upper quadrant of the abdomen for a period of about one 
minute In normal indi\aduals the temporary increase of \enous return 
to the right heart is readily handled by the competent myocardium and 
the venous pressure leiel in such individuals either remains stationary 
or eventually falls progressively from o 5 to a cm In incipient right 
heart failure m which the initial venous pressure is either normal or 
slightly elevated a rise of 1 to ^ cm may occur after one minute of right 
upper quadrant compression In frank right heart failure in which the 
initial venous pressure is considerably elevated above the iiiaKimum nor 
mal a rise of 5 to 20 cm above the original level of venous pressure may 
be obtained after right upper quadrant compression Tins procedure 
is of clinical value since it demonstrates the inability of tiie right ven 
tncle to take care of the temporary increase of venous return This 
plienomenon is not referable solely to the Jivcr but can be produced 
also by compression of tlie lower abdominal quadrant — thus indicating 
that tlie temporary increase of venous return is due to elevation of intra 
abdominal pressure rather than to a specific liver phenomenon 

Venous Pressure Under Normal Conditions The force of gravity 
and miiscuhr exertion liavtng a marked inlluence on venous pressure 
tliese factors should be excluded by having the patient resting in tlie 
recumbent position Under these circumstances venous pressme is 
dependent chiefly on tv\o factois (i) The pressure remaining in the 
small veins after the blood has passed the capillary field and (2) tlie 
effectiveness of cardiac contractions The pressure in the small veins is 
regulated by the degree of arierial pressure and by tlie extent to which 
the capillary field is open The normal heart muscle is capable of respond 
ing within wide limits to varying quantities of venous blood and there 
fore of maintaining the venous pressure at a normal level 

The extent of cardiac work during contraction is determined by the 
amount of blood m the vcniiicles 1 e the iniravtniriciilar pressure 
Tlie pressure in the ventricles (lc|>ends on the ultra umciilar pressure 
uul ihe latter in turn is caused by the prtssuic of blorHl lu the great veins 
If the pressure in the great veins is excessive the normal heirt rcs|x)iKls 
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b> more Mgorous contractions md tlierefore propels additional blood 
into the arternl tree The degree of \enous load therefore determines 
the amount of i\ork to be done b> the right Jieart 

In a normal individual at rest the venous pressure vanes betueen 
4 and 1 1 cm of water " Like arterial pressure venous pressure is subject 
to diurnal variauons and in the health) individuals tends to be lowest 
duiing sleep On the other hand in cardiac insufTicienc) the venous 
pressure is higliest during tlie sleeping hours Age has been found to 
have no influence so long as the subject is in the recumbent posture In 
the sitting posture the pressuie appears to rise with age S This fact 
emphasizes the necessity of tJie recumbent posture m making dettrmma 
tions Under experimental conditions the human heart has been found 
capable of responding to a venous pressure as high as Go cm without 
signs of overstrain However when the heart lescrvc is reduced a pres 
sure as high as 20 cm mi) be an indication of senons danger 

Venous pressure is subject also to respiratory influences During 
inspiration the increased negative pressure m the tfiorav causes a greater 
emptying of the large veins with a fall m venous pressure The contrar) 
occurs during expiration In health the effect of tlie normal respirator) 
phases on v enous pressure is not signi fleant Conv erscl) evcessiv e rcspira 
tory efforts associated with overventilation of the lungs result in a definite 
lowering of venous pressure Holding the breatli results in a rise of 
pressure Thus marked rises are seen in seizures of bronchial asthma 
in the course of the ^aIsalva experiment and in the apncic periods of 
Che)ne Stokes breathing During the induction of anestliesia there is a 
rise of venous pressure v hicli is occasioned b) muscular activit) and 
by an increase of carbon dioxide in the blood 0 

RELATION BETWEEN VENOUS PRESSURE AND 
CEREBROSPINAL FLUID PRESSURE 
Except for slight variations it has been found that venous pressure 
and cerebrospinal fluid pressure run closely parallel 10 one another This 
IS for the reason that the craniiiin and cerebrospinal canal represent a 
rigid chamber Rises of venous pressure within these cav ities cannot cause 
a displacement of cerebrospmil fluid and this tlitiefore undergoes a 
pressure rise corresfxjuding t« the increase of venous pjtssurt The usual 
ratio of cerebrospinal fluid pressure to venous pressure is about 1 6 to 1 
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Tins fnct IS of considerable clinical importance in certain cases of total 
heart failure associated ivith coma and Cliejne-Siokes respiration Under 
sucli circumstances a prompt relief of the cerebral s)niptonis nia) be 
pi oduced by a spinal tap in preference (o or pieliminary to lenesection 

CLisc Reiort a while male of fa years was admitted to the 
Allegheny General Hospital with syfliilitic aoriius and greatly cnlai^cd 
heart On admission lit \ as sn/Iering from advanad loial heart failure 
the signs of right heart failure being pattiailarh pronounced with marked 
engorgement of the iciiis of iJic neck Itepaiie enJargcmcni ami edema of 
the lower extremities Shortly after admission he lapsed into a comatose 
state with pionounecd ChcsiieSiokes brenJiiiij, and lus death seemed 
imminent The \enous pressiiie b\ the diicct nanometer method rcgis 
tered 26 cm of blood the spinal prtssiiit i as -JO cm spinal tap was 
performed and the patient rapidly impnncd so that by the next morning 
he had regained full consaonsness Further ireatmem followed consist 
ing chiefly of diguahs and Uicobroinine Clinical improsemcnt proceeded 
uninterrnptedlj so tJiat after a few weeks he ^ as able to be up and about 
and c\en assisted m some of the lighter ward dunes He continued in 
relatiieh gootl condition for about iJiree months i hen he hid another 
attack of heart faiUiie dus time not associated with cerebral symptoms 
to whidi he succumbed 

RELATION BETWEEN VENOUS AND ARTERIAL PRESSURE 
Some obseraers are of the opinion that anevial pressure and venous 
pressure levels aie independent of each othci and of resistance in the 
capillary bed they conclude that an elevated venous pressure invariably 
means cardiac failure independent of the cause of failure or the associaietl 
disease" 10 Others have believed that there is a certain parallelism 
betvxecn the two even going so far as to suggest a mathematical relation 
ship betiiecn the normal senous pressure in cciinwcteis of walerns com 
pared with the noimal systolic arterial pressure in millimeters of mercury 
the ratio being i to 13 According to this idea an arterial pressure of 
130 mm would correspond to a venous pressure of 10 cm of watcrii 12 
and a pressine of 220 mm to a venous pressure of 17 cm vsithout the 
necessaiy presence of heart failure Ifovvcvcr the problem is not so simple 
as this nor the in uhematiral relationship by any means so exact even 
111 the iiornnl \t the same time ilieie is itas m to behevt. tint a venous 
presMirt seven) cemimcitrs hi^liti tliui ilit maMinum normal may unckr 
certain couduions be associated with normal heart action 
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Vilhret ind his assocntesiS believe tint certnin rises of csscntnl 
h)pertension ire accompanied b> in elevation of venous pressure This 
elevation of venous pressure the> attribute to the high arterial pressure 
transmitted through the capillar) field because these cases showed no 
evidence of cardiac failure ^Miere the \awus pressure evceedecl the 
ratio of 1 to 13 previousl) mentioned it was attributed to cardiac insuni 
cienc) Certain cases of arterial h)pcrtension were found witli a normal 
or low venous pressure This the) concluded was due to the increased 
resistance of the capillary field caused by sclerosis Tlie findings of these 
investigators have not been confirmed bj certain other observ erst" is 1^ 
who believe the venous pressure to be independent of capillary pressure 
However it appears that a venous pressure several centimeters above the 
maximal normal may occur in association vMih high arterial pressure 
even if cardiac failure is not present 20 Rotky and Klein ’l m Oo cases 
of arterial hypertension found the venous pressure above the maximal 
normal in over ten percent These cases presented no evidence subjective 
or objective of heart failure The venous pressure readings in these cases 
varied between 14 and 16 cm The remaining cases of arterial hyper 
tension showed a normal venous pressure reading 

A satisfactory explanation of these variable relationships in the absence 
of heart failure has not been presented However it appears that in 
certain cases of essential bypeiicnsion there is an elevation of venous 
pressure which must be referable to some factor or factors aside from 
the heart — Eyster and Meek^a m \enous pressure experiments in dogs 
report that certain stimuli winch cause a rise of arterial pressure such 
for example as an increase of intratlioracic jiressurc or an injection of 
adrenalin produce moderate or slight rises of pressure in the jugular 
and iliac veins It has been noted that in hemiplegia the sound side 
shovved a high arterial pressure with a normal venous pressure while 
the paralyzed side with the same high arterial pressure, sliowcd a venous 
pressure somewhat below normal This suggests a deficicnq 111 the 
peripheral circidarion on the diseased side with a reduced tone of tlic 
arterioles It vvas also noted in an instance of Ravnauds discase-i witli 
out heart insufTicicnry that there was a slight rise of venous pressure 
In this case ilicic weie vaiicosc distentions of the cipiHirics with a [otal 
alteration in the contraculity of the aitcriolcs 
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It seems therefore in \ie\\ of the ibo\e tfnt i retrograde obstiuction 
such as increased piessme in tlie right anricle sviihout manifest hcait in 
sufficienc) does not alu a)s pros ide an adequ ite e\planation of an ele\ ated 
\enous pressuie and it seems possible under these cirumistances that a 
change in the tonns in the \«iis mi) be responsible for the tenons 
pressure use Tliere is considerable lability in tlie small artciioles As 
result of this lability great fluctuations in arteiial pressuie may occur 
uithni a short time in some cases of lij pei tension In other hypertensives 
where the contractility of the aitcnoles is lessened by pathologic changes 
the arterial pressure is more constant coiisetjuently hypertensive patients 
with labile arterioles may hue rises of venous pressure while those cases 
in whom pathologic changes have become fixed and offer more obstruc 
tion to tlie outflow from the arteries mav be associated with normal or 
even slightly lowered venous pressure 

Pliysical exertion has httle or no effect on venous pressure in the 
health) WHiere there is clmital invufnciency venous pressure rises after 
exertion the extent of tlie rise tending to be in proportion to the degree 
of insufficiency This rise vanes from 2 cm in mild cases to 7 cm or 
more m severe cases On cessation of exercise the retinn to normal 
IS immediate in the licalthy but is delayed where there is decompensi 
turn This applies particulaily to the maxim il arterial pressure am! to 
the venous pressure the return of diastolic pressure to us previous level 
being rapid in all cases 24 

In observing venous piessure it is essential as in the study of arterial 
pressure to be guided by a senes of readings laihci than by a single esiinia 
lion Under these conditions a consistently rising level of venous pressure 
IS suggestive of cauhac failure a consistently falling pressure with clinical 
improvement, regardless of the actual height of the readings In the 
presence of acute heart failure a single reading above 20 cm is undoubt 
tdly of the greatest importance particularly in deciding on the adviva 
bility of venesection However before considering venesection u is neces 
vary that the subjective and objective signs of licait failure be present 
and that the elevated venous pressure should not be caused by some 
extracardiac source of venous olistruction for example a collection of 
pkmal Ihiid or an intrathoracic tumor may cause pressure on the great 
veins causing a use of venous pressure, and sucii factors should be 
excluded in considering diagnosis and treatment 
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CARDIAC INSUFFICIENCY 

Aside from se^ere emphiserai and imntlioncic conditions produrmg 
pressure on the greu \cins ilie onij chmca! stitc tv Inch tvill tnnse t ueU 
mirked rise in systemic tenons pressure is failure of the right side of 
the heart (the tascuhr conditions pretiousl) referred to as being inde- 
pendent of heart failure are associated onl) tvith nonsignificant rises in 
venous pressure) Failure of the right side of the heart ma) he of luo 
t>pes funcuonal failure and failure from structural lesions which inter 
Icre mechanicall) with filling of the tight ventricle - The ovcrwhelnnng 
majority of cases of right heart failure rcpiesent the functional type due 
to ina eased pressure in the pulmonary circuit which m its turn has 
resulted from left sided failme \ less common but not infrequently 
encountered type of functional right heart failure is that due to piilnio 
nary hypertension whidi has resulted from deformities of the chest or 
from extensive obliteration of the vascular bed of the lungs as the result 
of various chronic diseases It Ins been found however that pulmonary 
hypertension due to such causes will not bring on right heart failure 
unless Go per cent or more of the vascular pulmonary bed is obliterated 

The mechanical lesions which interfere with filling of the riglit ven 
tncle and thus giv e rise to markedly elev ated v enoiis pressui c are tricuspid 
stenosis excessive fluid in the pericardial cavity and constrictive pencar 
ditis Of these the condition most frequemly encountered is constrictive 
pericarditis 

Uhen extensive eJevitron of venous pressure is due to fiuictioual or 
intrinsic light heart failure the pressure waxes and wanes with the state 
of the patient 25 On the other hand when a structural i e incchmica! 
cause IS responsible the venous pressure is siisi iintd at the saint high 
level This is notably the case with a constrictive jiericarditis 

As previously mentioned the noninl htait muscle is ahlt to rcsjiond 
within wide limits even to excessive degrees of venous load However 
if the cardiac muscle becomes incompetent it cannot handle even a nor 
mil venous load In such a case the venous pressure rises this is followed 
bv dilatation of the heart engorgement of the perijilicral veins tnlirge 
mem of tlit livtr n uisudaiiou into the serous ravitits tdcmi (f the 
extremities md v dimiiiislitd excretion of mine It Ins bttu shown tint 
there IS an inverse niio heiwetn venous pressure md urine exiiiimii 
In cases where failuic is limited to the right side of the htari dvsjnei 
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IS not hkel) to be mirkccl On the other hand there is i tendenc) to 
rapid heart action There me lanous piotcsscs concerned in the 'iccumii 
htion of fluid in the bod) tissues — such as loueied osmotic picssure in 
the blood phsma increased permcabilit) o£ the capillary nails and 
increase of capillar) pressure secondars to a rise in s)siemic \enons pres 
sure 111 edema associated niih caidiac lesions tlie chief of these factors 
is the increase in intracapillara pressure 

A progressiie use above the normal ligures loi venous pressure (4 to 
11 cm of water) indicates the development of heait failure In order 
to show such a progressive rise rejieaied leadings are necessar) coinersel) 
where clinical heart failure is present a consistent!) falling venous pres 
sure is indicative of clinical improvement So far as 1 single reading is 
concerned if it be above "o cm it is evidence of marked cardiac failure 
if the clinical signs of heart failuie are piesent However in tlie stages 
below 80 cm single readings may not be conthisivc and it is here tliat 
serial readings are of particular diagnostu values" 

VENESECTION 

In right heart failure a rising venous pressure or a venous pressure 
of 20 cm or more presents an indication foi venesection Often vcnc 
section IS folio; ed b) a piogiessnc fall in venous piesstire In the normal 
individual venesection lesufts in onl) slighti) and iransiior) tlnnges 
of venous piessure Howevei in caidiac failure with elevated venous 
piessure the removal of a significant amount of blood (joo cc on tlic 
average or between ^ and 4 cc per pound of bod) v\eight) will tem 
poranl) lower the venous pressure so that if the heart has a sufficient 
maigin of reserve it v ill resjiond to ibe lowered load which lias been 
thus rapidl) pioduced and bv more cfTtaent contractions toiuinue to 
maintain the lower piessure which Im been produced b) veneseition 
The venous pressure will steadily fall and the signs of lieart failure 
tlmimish dyspnea becomes lessened the suiface area of the heart diimn 
ishcs the urine output rises and eilenii of the extremities disappears 
If the response is inadequate tlic terojiorauly lowered venous pressure 
will i-apidl) regain its previous level 

In an individual of average weight the removal of r,oo cc of blood 
or to } cc per pound of bodv weight is usnall) enough to cause a 
decisive lowering of pressure Less tlian this is Itkel) to cause ihc venc 
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section to fail of its ptirpose The object of a \enescction is to remote 
a miternl amount of burden on the right heart m as short a time as 
possible It ivill not do to remote 2jO or 300 cc of blood on one da) 
and then a similar amount tlie follouing da\ since the total load must 
be remoted at one time in order to protidc an adequate opportunit) 
for the heart to recoter If the \enous pressure response to lencsection 
IS fatorable it need not be repeateil unless anothtr crisis arises at a later 
date If the response to \enesection is not favorable further venesections 
are not hWel) to produce an) benefits 

In those cases in winch an extensive venous pressure rise is due to 
mechanical obstructions such as constrictive pericarditis tlic venesection 
will produce onl) the most temporar) benefits if in fact it is not futile 
since here the cause of the obstruction should be removed where jxissiblc 
As a rule a satisfacior) venesection ma) be performed b) inserting a 
needle into a vein and allowing ilic blood to flow At times tlic use of 
a s>Tinge ma> be of aid if the flow is not sniisfactor) If even vviili a 
S)Tingc a sufHcienc amount of blood is not obtained an incision should 
be made and the vein opened Pnoi to performing a venesection 011c 
should be assured as to the hemoglobin content of tlie blood V moderate 
degree of anemia should not be a bindrante if venesection is nrgcntl) 
needed However if the hemoglobin is below 70 jxrr cent the jwiieru 
ma) suffer as much from blood depletion as he will gam from venesection 
The question ma) arise as to v\bctlicr in right heart failure a venous 
pressine above so cm constmues an inescapable inrhciiion for vcncstc 
non Tins is not nccessaril) the case ^^c have seen luiicntv with pres 
snres as high as these improve with drug thenpv restricted diet and 
decrease of fiuid intake withont venesection There is little doubt how 
ever that where the pressure 1$ high and the s)mpioms art urgtnt an 
adequate venesection is likel) to give the patient a better running start 
to recover) Before venesection is considcrctl or in fact a venous pres 
sure reading taken one should be quite sure that aii) material acciimu 
htions of fluid m the ilioracic or jXTiioiieal cavjtv have hcen removeti 
It has been noted with interest that manv writers in discnwmg the 
treatment of acute pulmonar) edema which represents a form of left 
sided heart failure recommend vcnesetiion as one of the measures for 
the relief of this condition It is difikuJt to understand jusi v bv diis 
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should be, unless the \enous piessure in such msnnces is e]e\ated uhich 
IS usuilly not die case 

It should not be foi^otten that unless the lenous pressure is ter) 
high the trend of venous pressure is more important than a single reading 
If the trend is upivaid and clinical signs and symptoms of heart failure 
are present venesection mil be more successful if done promptl) than 
if dela>ed until the cardiac reserve has been exhausted 

It has been repeated a number of times in this cliapter that with 
certain infrequent exceptions a marked!) elevated venous pressure is an 
indication of right heart failure either functional or mechanical In 
other forms of heart disease m which the right heart is not implicated 
venous pressure will not show an) material deviations from the normal 
Conditions associated vMth rapid heart rate do not involve a rise of venous 
pressure unless for some reason the right side of the heart is involved 
Such conditions are h>perth)TOidism parox)$nnl tach)caidn auricular 
fibrillation and aunculai flutter If the rapid licart rate continues over 
a long penod of time such as weeks or months the nghi heart maj give 
wa) and under sucli circumstances the venous pressure will rise 
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CHAPTER XL\a 


SHOCK 

Norman E Freeman MD 

Introduction The nitnre of shock is a subject which has been ion 
fused b> an attempt to bring niihin one citcgor) aJl conditions clnrac 
tenzed b) a low blood pressure This attempt i\as natural since one of 
the outstanding accompaniments of shock is the low and falling blood 
pressure CannonJ lias stated that low pressure is probably the central 
feature or one of the most essential features of shock With the para 
mount importance of diminished blood piessure in mind classifications 
ucre made to differentiate the \anous i>pes Shock nas defined in terms 
of primary and secondary shock on the basis of the time of its onset 
Others defined shock in terms of the initiating causes such as histamine 
shock shock from burns shock from pcmonuis and traumatic and siir 
gical shock In one of die more complete classifications recently brought 
forward HarrisonS has classified shock under the terms hematogenic 
neurogenic and vasogenic These classifications hare an assumption in 
common namely that shock is essentially a condition of low blood pres 
sure The issue is confused if shock is moie than a stitc of lowered ar 
tenal pressine It is necessary to recall tlie classical picture of shock in 
order to ascertain avhellier or not there is more of significance tfian the 
reduced blood pressure 

Tlie patient in shock has the appearance ol heing seriously ill Tlie 
significant features are centered about the penplieral circulation The 
skin IS cold and moist The pulse is feeble and npid Tiiere is nsualJ) 
a lowered blood pressure and Uie patient presents the piciure of weak 
ncss bordering on exhaustion This condition is not sudden m onset 
but requires time for its deacJopiiient If untreated tlicic is a steady 
decline to a fital lenninaiion During the doivnward cotiise tlicrc is 
progicssnc cnrccbkiiicm uiii p,radiul siipjircssion of ill the bodily 
fumtions W ith this piciutc in initul ilistkai that low blood pressure 
IS not tlie only ft itnre of stgiiiririiMi Iltu is ibc time factor low 

( 1381 ) 
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piessure itselE is not necessiiih fatal but if tiie reduced blood pressurc 
is nnintained for a period of time, shock ma) be produced A^in the 
progress of the sliock is of significance Shock, cannot be dngnosetl siniplj 
by a single determination of blood pressure It is the course of the blood 
pressure rather than the isolated reading i\lnch is important Sliock will 
therefore be defined in terms to indicate that it is a process ruher than 
a static condition 



FiccRC I Tlic procw of shock (Ficman Pennsjivania Sf /) 


DEFINITION 

Shock IS the clntical coiulilton characterized by piogressxve loss of 
circulating blood volume biought about by the tissue anoxia uhich 
results from inadequate circulation 

In this definition nJueb is ilJiisiralcd in Tig i tJiere ire four points 
which require discussion The leduced blood \oluine, die progressisc 
nature of the Joss tJie tissue anoxia, and tJie inadequacy of tlie circulation 

1 Is There Always a Diminished Blood Volume in Shock’ The 
brilliant researches of Robertson and Bock* and KeitIH during die 
\Vorld ^Var of 1914 to 1918, sboi\ed clearly lint a reduced blood \ol 
ume was the cause for tlic reduced blood pressure in shock It is gener 
ally agreed today tint there is a reduction of tlie circulating blood sol 
ume in shock 

2 Is the Loss of Circulating Blood Volume Progressive’ Hcino- 
conccntntion in the process of shock was first desenbed by Cannon 
Fraser and Hoojier '• This concentration is more endent iii the pcnpli 
eia! regions than in the ccnti il ciuuhiiou Rt<cni studies b\ Moon'* 
h i\c siJp2>oricd the eailiei ol>seraaiions Tlicic is general agrtcniciu on 
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the significance of progiessue hemoconcentntion ns shock is de\elopmg 
This concentration mdicntes loss of pinsma soliime 

3 Is There Tissue Anoxia in Shock^ One of tfie chnnctenstic 
obsenations on clinicnl cases of shock has been the subnornnl tempcrn 
ture Studies of the o\>gen tiulirnuon m experimental animals during 
the process of shock" have demonstiated a serious reduction in ilie 
bodiI> metabolism Diiect stud) of tissue ajio\n Jns not been made but 
the inferences drawn from exaniinatioii of the blood are suggestive 
Acidosis is v\eU recognized as a feature of shock It is considered to be 


NORMAL CONTROL 



ItcURCS Blood flow m iiornnl comr( I In «l it it m the ffUoi ing figure ihe sol d 
line sfio«s {lie cffict of mcrcasmp tempcninrc < f 1 and < n I loo*! Hot through ihe hinif 
Crt»ss surminded b) c rcle mdicucs blood n>'t 30 sctoii is after rclrisc ot iournK|iici 
tkhirJi has been applied for Bsc ntiniiics Coliimn at ri„lu nidiaics o\>gcn satiiniion 
ot A thearieinl and I ti c t ntout bluod laUn fn m that 1 and Ord mtet— M o<k 1 (lou 
Vbscissne— degrees feniigraUe (Frccmnn lcnnt>hjniaM J) 


an expiession of the tissue anovn The icduced oxjgcn tuiiieiH of the 
venous blood gives further evidence of the impaired ox)genation of the 
tissues This condition was first described b> Aub and Cunningliam'' and 
subsequent studies b) Blalock and Bradburn« and Freeman Shau and 
5n)tJtri“ liavc gncii suppoit Jo this concept Apparcntl) shock is assn 
ciited with a severe degiee of tissue anoxia 

The intcisc nuurc iif iht thaiigcs physical and chtinicd hioiight 
jIhiiu I)) iistiiL urn'll inti in whu inaimci thc'c diarigts piodtiit an 
iiuicasc in pciinc ibilit> of the cipillancs is not known Ccruui of the 
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recog.iizcd ilternions v.ll 1« tikcil up m the disctisiii).! of tlic diLiil.str) 
of silock 

4 Is There Reduced Circulation m Shock’ The uguincincL of 
imdeqinic tiiciihtion in sliocl ins clcirij sircsied h) Irhorer (.«<,» 
rnd Gisserll it tlic close of the World It'ir Stuthts h) GcscUlc on tin. 
effect of hemorringe and tissue ibtise on peripinni blood lion further 
strengthened this concept Iinestigitions ilhistnted in Iigs 2 iiid 1 
on the periphenl blood Hou through the hind in chiiml casts of 
surgicil shock b) Freciinn Shau and Sn^dcrln suggested the etiologi 


SURCICAT. .‘iHOnK- 

Blood flow 
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Tici nr 3 Dlood floi in ihotk Th % puici t hi I Iicni n|>rntnl him ii f e 

inmiinal oIkIhici on four I oi rt irtioiOi \ crco4imn» Jal liocn |>crf nnnl iin Icr 
locnl anetthnia \( the Imie of < Inm'aUuii ^ at <ii rl i ral \J uck i >th xi t nnnnat 
ten ]>cnttir«; cold chinni) $Km a | iil<c n( |Hior ml ii ic « ith a rair ( f ISj a 1 1 a 1 1 kxI 
f rt.-4<iirr 1 1 SO/00 Shr jijfnjmljcd jm <| iic of r« 7 *cajol I7ai ifii' om ux J mm aSttr ihoc 
I liscrralK ns \ etc made (Freeman Pcnn«l»ai la M J ) 


cil Significance of imclcqinte circiihiion in ilic puKliiction of sIukI 
Bhlock and Ie\>i ^ obsersed lint tlic circulation rctlnctd ilthongli 
not to as great i degree m other regions of the bwl) in this condition 
Iincstigations in the hbontor> ln\t thus confirmed obsemtions in the 
chine that there is a serious rcdiiciioii in the disirilmiion of bloixl to 
the tissues of ilie bod> during the course of sliock 


CLINICAL PICTURE 

The (hiiK il pittiirc of slunk is tkicrminetl 1)\ tuo conMihniums 

1 n»e ph)sio)crgn il resjjofjsts of ilit bfxh to the niitnting noses ami 

2 Tiie bodil> reactions to fulurc of the circuhtion 
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1 Tlie initntin" cnuses ot shock ue ti miintic m the bioid sense 
Tiie> subject the orginism to Jmm or to the prospect of injuij \\ Ucthei 
the imtnttn^; hetor be dehsdruion traunn or enionoinl distress ilicre 
IS a threat to the sunisal of the mdixidital The sjnipiihetic neirous 
system as CannonH Ins }x)imed out is specificall) designed to cope 
with an einergenc) and is called into ph) b> stimuli tshicli threaten the 
iniegiii) of the organism Such factors as cold pain asphjxia fear Jiein 
orrhage infection and dehydration Inte I>cen found to be siion^ stiinu 
lants of sympathoadrenal actum In this manner the original cause 
of the shockUke condition tails forth actuitv of the sympathetic neraous 
system These eaidences of sympathetic attuity are to be found in the 
increased ptilse rate the pallor of the sLin the sueating the parched 
throat and the suppression of gasiroiniesiiinl actuity 

2 As soon as there has been some alteration in ilie internal en 
aironment of tJie body as for instance by acme Joss of bIor>d from Jiem 
orrhage tertani metlnnisms are called into play to leadjusi the organism 
to the defect Tlttre is acceleration of the pulse and \asoconsti ution to 
maintain the le\cl of tlie falling blood pressure Tbe blood is duelled 
from the nonessential pans of the body such as the skin and the intes 
tinal tract to the tital oigans Tliese reicvons may be called purposefiiJ 
in that tliey are designed to lit the body to meet the emergency The 
clinical picture of shock is thus m pan an esidencc of the reaction whitli 
the organism is making to adjust to the changes in its internal eiuiion 
ment 

When the stage of failure iias been reached the chiucal pittuie he 
comes moie piecise At this stage there are combined tlie c\i(lcmes ol 
the body s reaction to ihe initial trauma sMtIi csidcnces of inadcquaie 
circulation to the tissues As a result of general impainnent in tlie sup]>K 
of blood to the tissues with consequent tissue anoxia there is piogressisc 
acidosis IVith the failure of the |>eriphcril ciraihtiou there is etidcncc 
of concentration of the blood in the capillaries and \enules Unless hem 
orrhage has played a niaior |Kirt there is usually cyanosis of the skin 
and mucous membranes Hemoglobin heinatociit or red filood cell dc 
termination of the peiiphcral blood sbosv csidence of concentration of 
the formed elements Theie ts suppression of renal function unh reten 
non of nitrogenous waste products Gisirointcstinal funi-tion is inhibited 
with resultant distention and paralytic ileus The progressive reduction 
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of the circuhting blood \ohunc Itnth lo i filling blood pressure iiul i 
rising pulse rite the unnusnhiblc si^ns of shock Fulurc of the tircuh 
lion is issociatcd uith cessition of saliMt) flou ind iniolcnblc tlurst 
The mentil ficulues gridinllj become clouded until tlie piiitnt sinks 
into stupor uhich merges ini|)crccptibl} with dcith 

PATHOLOGY 

Shock IS the fiml plnse of many clinicil coudiiions characterized by 
prolonged impiirment of the circiihtion The pitliologicil picture of 
shock is usually comphcitcd by tint of the mitnl lesion uhich produced 
the process In this discussion empinsis uill be pheed only upon tlunc 
features uhicli belong essentnlly to shock 

In his intesligations on the incclnnisin of hemorrhagic nifarttum 
Welches made the significant ohscrsattoii that reduction in the nrtcriil 
pressure m the mesentery of the dog produced stasis uuh concentration 
of the blood corpuscles in tfic tapillancs ami \cins of the loop of intestine 
supplied by the arteiy uhith sms compressed He could observe no 
cinngc m the appearance of the vessel walls but found that the forsnid 
movement of the blood was checked ami that stasis soon took place 
Landis 20 jn Jns obsert aliens on the mesentery of tlie frog anilyzed tins 
reaction more closely and found that althougli no changes might be 
visible in the blood vessel walls there was an increase in the jicnncibihty 
of the endothelium so tint plasma cscapcti ind left the cells stranded 
These facts have been confirmed by a number of observers and ajipear 
to be well substantiated It is the opinion of the nnjoriiv of nncstiga 
tors who have worked in the field of shock tint this increase in llie jKr 
meabihty of the nnnute blootl vessels in consequence of impaiicsl cir 
cnhiion is the central feature in the process of sliock I he |vuhologica! 
picture which is found when the tissues art txanmicd after death from 
shock IS lint to be expected from iicripberal eircuhtory fiihirt Ihcic 
IS widespread congestion and ciigorgciuciu of the capillaries and venules 
throughout ihe boeiy 

Such a picture was found hv Gasser Lrlau^cr ami Xlcckf in sli ick 
expcnmcntafly produced m a vanciv of vvavs Tlicv observed in die intis 
tinal mucosa that the capillaries and small veins are v.reatlv dihied md 
tightly |wcked w iih red blood cells More recent studies on tlic jcailmlo^y 

ofshockby Jiavc corrolwrilcd flieir ohscnatiims 1 his enu^estu 11 
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from stasis is found throughout the Mscera ind in the lungs There is 
edemi in the tissue spices and effusion in the serous civiiies If the im 
paired ciitulation has persisted in the exjieiimennl iniiml for sufFicient 
time iheie mi) be actual necrosis of the intestiml mucosal*' is shown 
in Fig 4 The ultimate pithologicil picture of shock mi) in reaht) 
be ascribed to death of the penpheml tissues befoie tint of the bod) as 
a whole 



FinKE 4 Miaostopc appearance of the thiodentim tf a dog m winch shock had 
iKcn produced b) low blood prcsMire of six hours duntion brought about b) graded 
hcmorrlnges The superficial jxrtiom of the mucosa hid disippcarcd (Frecimn Shiflcr 
Schecicr and Ifolling J Cl n Imcsiigauon) 

PHYSIOLOGY 

The physiology of shock is determined by the reactions of the bod) 
not only to the imtnting causes but ilso to the reduction of circulaung 
Iilood volume which represents ilie uiidcrl)ing feature of shock For 
purposes of convenience these reactions will be grouped under the dif 
ferent organ s)stenis 

Cardiovascular There is sympathetic stimulation of the cardio 
vascular system throughout the course of shock, no matter in v\hal 
mannei the process is brought about Tins stimulition is to be observed 
in the increase m pulse mie and tlie peripheral vasoconstriction The 
character of the pulse is of great significance in the clinical estiiiniion 
of the condition of shock Its volume probably gives the single best 



1388 C\RniOVASCUL\R DlSEASi: 

indication of the general condition of the jnlicnt. The commsi lieiuten 
a full radial arterj i\hich indicates an adequate output of the heart and a 
ueak "thread)” pulse of |Kx>r \olumc tlilTeremiaies a blood pressure 
associated with a normal cardiac output from an identical blood pressure 
maintained b> peripheral \asoconsiriction in tlic face of a diminislictl 
circulating blood ^olume Johnson and Blalocki!> ha\c shown that the 
cardiac output declines svell before the blood pressure as shock comes 
on. It raa> be said categoncall) that there is always an increase in pulse 
rate m shock unless there is direct or reflex cardiac inhibition. Tailurc 
in cardiac response ma) be intrinsic since it lias been shown that in 
experimentaiso and chnicalsi deh)(lr.'ition. there ma) be such impiir 
ment of blood supply to the heart itself that full taclqcardia is not ob 
ser\ed The cardiac inhibition ma) also be rellev through s'agal stiniu 
lation as m increased intracranial pressure. 

Vasoconstriction is also a regular accompaniment of shock. This con 
smction IS more marked in ilic peripheral portions of the body (Freeman, 
Shas\ and SnyderlO) than in the central areas (Blalock and Lcvji*’*). In 
the earl) stages, particuIatJ) in the picseiire of fcier and infectioti, the 
blood flow through the peripheral portions ma) aciinll) be increased. It 
seems likely that tliis Iqperemia is due to the sasodilataiion which repre* 
sents the body's effort to dissipate heat. In the later stages of shock, theie 
IS alwa)s marked peripheral \asoconstriction in spite of an elesaicd 
temperature. 

The blood pressure is generall) low in the carl) stages of shock, espcct 
all) if theie lias been loss of blood or plasm.i. I\’heii the condition is 
being produced svithoui original impairment of the cardiac output, the 
blood pressure ma) be nonnal or esen incrcasctl The state of the 
peripheral circulation is of greater significance than the blood pres 
sure In the words of a surgeon of aside experience, ‘Td rather sec 
pink ears than an elesated bloosl pressure." In the lermiml singes, tlie 
blood pressure is ahaa)5 reduced, and the tlcgrec of reduction bcirs a 
close rel.itionship to the scserits of tlie shock. 

Gastrointestinal: Stimulation of the s)mpaihctic nenous ssstcni 
brings about inhibition oT function in the gastrointestinal s)Mein. and 
the signs of shock in this s)siem are expeciedl) those of dccreasetl activit) 
The saliaar) floav is suppressed with resultant dr) mouth and jurrhed 
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throat Peristalsis is diminishetC and panijiic ikus nn) he jiioduccd 
The leduction of cncuhtion in the mtcsiiml tract is fiequcnilj assornted 
with injur) to the mucosa so that superficial ulceration ma) he found 
ivith free blood inside the lumen There ina) he injur) to ilic liver 
from the prolonged anoxia JS is shouai in Fig 5 This damage iiia) 
give rise to widespread bodil) changes Even though the patient ma) 
respond uell to remedial measures as far as the circulation is concerned 
the splanchnic inhibition a\ill freqiicnil) present a major complication 



Ticuttc 5 Microscop c appearance of tl e liscr < ( a dog m \ hith shock 1 id liccn 
produced b) lo« blood pressure ot six hoiiis duniKn I roiigl t about b) gr clod > cm r 
rhnges He liscr cells sho ed dcEcncniioi ml necrovi? (rreeman Shader Schwicr 
and Holling* J Clin Inscstigition) 

Gemtounnary The reflex v asoconstnciion docs not spare the kidnc) s 
as the t)pical suppression of renal function indicates There is rcicii 
tion of nitrogenous tsasie products The urine is conLcntiaicd and 
contains albumin red blood cells and casts altbougli after the patient 
has recovered there ina) be no evidence of jiermanem renal damage 
Occasional!) the suppression of renal function ma) he so stvcic that 
anuria results This anuria ma) persist long after the paiicni Ins 
recovered from the circulator) crisis 

Neuromuscular Although there is no impairment of muscle power 
the patient in shock exluhus gieat weakness and jirostration There 
IS a disinclination to move \s the stage of dccomiienvation is rcaclud 
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the txtrenmics become cold nnd the muscles feel dough) to the touch. 
The sensorium is clouded although the tiuhvtdual tin) be conscious to 
the end Reaction to piinful siinuili. both in clinical and experimental 
shock IS lessened The ps)thic res|X)nsc seems to he one of apith) although 
on closer obsersation the apparent lack of interest in the snrronndings 
mas be found to be the result of a state of .abject terror. The patient is 
paral)^^! svith fear Death is sharing hint tn the f.icc and he cannot Icxik 
ass.a) 

Theie is frequentl) dilatation of the pupils and there ma) actual!) he 
exophthalmos The sside staring ejes, restlessness and “o\er bright ‘ 
appearance of the patient uiih penionitis are signs uhich are to be 
\ieued ivith al.arm 

The skin is usuall) moist and cold and has been termed clamm), to 
suggest tlie similarit) to iJic sens.atio« of touching dead flesh TJie de.aih 
of Falstaff is gr.aph:c.all) described b) ^^lst^css Quickl) "then I felt to 
his knees, and the) uere .as cold .as .aii) stone, and so up’.ard .and up’.ard, 
and all uas .as cold as an\ stone" C)ano$is is present in the nail beds and 
tlie skin of the .abdominal u.all ma) evhihit .a blotch) .ippcanance 'll'hen 
the finger tip is pricked to obtain blood for stud), there shmlj exudes 
a d.ark titcons flnid If .an incision be made, the uound does not blccti 
except for a slou trickle from the acins The blood is dark The muscles 
.appe.ai brou n and dessicaied In the splvichnu .irea the arteries arc seen 
to be contracted to fine threads and the \eins sbou up more prominentia 
as darker ribbons There seems to be a general Joss of tone in the 
aolumar) muscles 

IVhen dch)dration is assockitcd astth sfiock, tlie skin is dr) .and 
c)anosis is more apparent ^\’llcn pinchctl into a fold the avrinklc avill 
persist The e)eb.ills are soft and tlic c)cs sunken iti iJic sockets TJie 
longue is dr) and red and the mucous membrane of the mouth glaretl 

Respiration: If Iiemorrhagc has been a major factor in tfic prcHhictioii 
of sliock, the rcspimiion is gencrall) of the sighing l)j)e asith occasional 
deep )an'ns Othcravise, the breathing is frcquciul) suppressed Jxidi in 
depth and frequcnc) Vs the later stages of sliock approach, uith liic 
attendant acidosis, the respiration is increased and maj J>e quite f.»p?d 
In the terminal stages, the respirator) center is more anil mote dcprcsscil 
untif the breathing final?) ceases 
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CHEMISTRY 

No cliemicil substnnce Ojnhle of producing sliock has )et been 
consistently denionstrited m the cticuhung blood in suiTicient qinntii) 
to be generall) accepted as the cause of sliock Thcic are man) sub 
stances on the other hand adnth can produce shock when injected into 
the blood stream HisLaimne peptone muscle evtract intestinal contents 
and man) other substances will pioduce shock on intravenous injection 
Dale Laidlaw and Richards 2 showed clearly that histamine wlien in 
jetted intravenousl) produced widespread injury to capillaries thiough 
out the bod) with resultant shock With this evidence as a basis the 
traumatic toxemia concept of shock was brought forward by Qiicnii-S 
and Cannon and Ba)hss24 Accoiding to their h)pothesis a toxic sub 
stance was formed in traumati/etl tissues Tins substince was absorbed 
into the blood stream and was carried to distant jiarts of tlic bod) where 
It acted upon the capillaries to pioduce dilatation and increase of pennea 
bilit) Attempts to demonstrate the presence of this h)pothetical toxin 
in the circulating blood or in blood coming fioni an injured area both 
b) physiological-'' and by phaimacological''^* methods have been imsuc 
cessful up to the present time Underbill s27 classical wotk on bums 
shotsetl that the vessels in an injured area were more permealile in tlic 
direction of loss of plasma into the bunicd area but thit the absorption 
from tins area of even such diffusible substances as strychnine was pre 
vented The injection of blood coming from traumatized regions m 
Simib s28 carefully comiolled experiments showed that a rise in pressure 
generally resulted 

When the experiments whicli formed the basis of the toxemic ibcoiy 
v\ere critically analyzed by Blalock 2 *> Pirsons andPhemisterSO and others 
an alternative explanation coiild be found m the effect upon the ciicula 
tion of the loss of blood or plasma into the iraumaiizert area Although 
It IS undoubtedly correct that chemical substancc« from injured and 
inflamed areas do enter the blood stream and have tbeir effect ujion the 
tissues of the body the character of Uie toxic reactions and the dcliy 
in their onset cast serious doubts upon then significante in the genesis 
of shock 

The chemical changes winch take place in ilic body during tlic com sc 
of shock arc brought about by the initiating factors bv the physiological 
leactions to the traumatic sttmuli and by the failure of the circulation 
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tlnrrhei sixeiimg kidnc) cvretjomnd ihc passage of phsim 
into an inflamed area rcsiih in the loss of speciHc substances from the 
hod) The loss of ifiese substances results in a diminution in ilicir cou 
ceniration in the blood stream and tissue spares unless there has been 
an e\en greater loss of uaier Under anj circumstance the total amount 
present in the body h is been reduced In shock aisociaicd uitJi the Joss 
of an) of these substances chemtcil cvamination of the hJood uill reseal 
the corresponding discrepancy 

The elesated blood sugar axhich is found in shock ma) he regarded 
as one of the chemical resjmnses of the bod) to trauma since it is pro 
duced b) liberation of sugar from the User throtigJi s)nipatlietic siimula 
tion In shock associated avith adrenal or hepatic insunicienc) the blood 
sugar IS loss The increased potassium excretion in the urine after hcnior 
rlnge ma) also be thought of in terms of hodil) reactions to correct the 
disturbance since it is associated with ilie passage of fluid from tJie 
tissue cells into the blood stream *^1 It is rccognitcd from the svork of 
7s\emer and Pike^a that s)mpaihcticstnnuhiion libcntes potassium from 
the affected tissues 

^\iih progressne circulator) failure certain chemical changes nke 
place in consequence of the tissue anoxia These changes whuh are 
common to shock in spue of ssidcl) diffcrLiu initial causes have from 
time to time been signalled as of etiological significance m tfie genesis 
of shock One of the first alterations to be noted was the acidosis and 
the consequent reduction m the carbon-dioxide content of the blood 
Upon this deficit Henderson |>ostuhtctl Iiis acapnea concept of 
shock Attempts to produce shotk bj the injection of acid were imsuc 
cessful and its treatment w ith alkali has not met s\ ith success The acidosis 
present in the blood stream probibl) mdicates onl) the accumulation 
of acids in the tissues which results from impaired ov)gcintion 

Zwemer and Scudder'^-* have atUanced the concept that inadequate 
ixnassiiim regulation is also a factor whicli must be considered in ati) 
explanation of shock It seems to be cstafihslicd that h)pcr{>otawcmn 
IS present in shock particuhrh when the condition has been bronchi 
about b) widespread injur) to tissues caber through tnuma or through 
inoxia It IS also probabl) true that an increase in the potassium of 
tlie blood IS harmful to the heart and to other tissues TJierc » no 
isidencc houcser that the Inpcrpotassemia itself priKhires an iiirrease 
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III die permeibdii) of the opilJines Since die Jos? of pJ-isim diroiigh 
these injured lessels is the ccntnll) impoinnt feiture of shock it does 
not nppear that the increased potassium in die blood is eliologicall) 
Significant in the genesis of shock 

The clinical picture of Addison s disease from lack of adienal cortical 
hormone is similar to that of shock Both patients and cviicnmental 
animals with corticoadrenal insiirficienc) aic paitirulail) liable to 
deselop shock under traumatic conditions Tliese suhjeiis are dra 
maticall) iinpioied b) administiaiioii of cortical hoiinoiic There is no 
comincing pioof howesei that there is a lack of coined hormone in 
shock or that therap} with this hormone is effectne in die picieniion 
or treatment of this condition 

^Vith inadequate circulation there is an accumulation of chcimral 
substances m the tissues which possess sasoddatoi projieuies The exact 
nature of these products of tissue nietabohsm is unknown Thc\ pro 
dttce ddatation of tlie blood lessels in the ischemic irei (Lewis and 
Grant^'') With reestablishment of the tnculaiion ihc) disappeai Thetr 
concentration is determined b> the metabolic laie of tlie tissues and 
llie duration of the circulator) dcpnsation (Freemant<) With pio 
longation of the \ascuhr insudicienc) tlie cells are probabl) damaged 
with elaboration of pioducts of their breakdown Tlicse prochuis ina\ 
be related to histamine or peptones Their action locall) appears lo 
be both to dilate the capillaries and to increase then penncilnhi) and 
to them may possibly be ascribed the change in \ascular pcimcahdits 
tharacienstic of shock Our present knowledge of tissue chennsii'y is too 
inadequate to permit of moie than speculation as to die nuurc of 
these substances It seems safe to predict of future progress in our 
underst Hiding of *hock as in our understanding of odier processes that 
the last word ssil! be said by chemistry 

ETIOLOGY 

Any mechanism which bnn^ about a discrepancy between the sup 
ply of oxygenated blood and the demand of the tissues for ilicir me 
tabolism IS eiiologitalh significant in the production of shock Under this 
principle IS fonsideied all those hctois whuii inicrfcre inttlianuallv witli 
die distidnuion of blootl iti the tivsiics is tvtll «s the (liinitci of tfu 
blood and die propeitics of those lissucs to winch the blood is supplied 
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The most frequent cause of shock in clinical cases is i meclnnical 
interference t\ith the circulation of blood to the tissues This meciianical 
interference comes about in five i\a>s (n) InsulTicient lolume of blood 
as after hemorrhage deh)dration or after major loss of plasma from 
burns or into an area of inflammation (b) failure of the heart to deliver 
blood to the tissues as in cardiac tamponade or in cardiac failure (c) 
mechanical impediment to fhe cirailation of the blood either on the 
arterial or on tlie venous side as m massive embolism (d) reflev dis 
turbances in the relationship between blood volume and vascular capaatv 
as m the fall of blood pressure in spinal anesthesia and (c) reflex vaso 
constriction which obstructs the arterial flow m the artenoles as in cold 
fear and pam 

(а) It IS rare to encounter shock in clinical cases unless tliere has 
been serious loss of circulating plasma or blood volume Blalock 
fundamental studies have indicated the significance of tlie loc-al loss of 
blood and plasma into a traumatized or inflamed area In consequence 
of this loss there is a i eduction of cardiac output The blood pressure 
is maintained b) the vasoconstriction but this protective device brings 
about further diminution in the volume flow of blood to the tissues He 
demonstrated m unanestheuzed dogs that shock could be produced b) 
graded hemorrhages piovided that the arculanon was impaired for a 
sufficient length of time 

(б) Cardiac tamponade as Cannoni was liie first to point out pro 
vides an exccllem example of shock produced b) failure of the heart to 
deliver sufficient blood to the tissues The arterial blood pressure maj 
be depressed to an) desired level for various penods of time He found 
that after the pressure had been lowered for several hours it failed to 
rise even though the tamponade were relieved The failure of the 
peripheral circulation in clinical cases of cardiac tamponade is V'cII 
marked So also with cardiac failure the forward failure as Ham 
son" has defined u there is insufficient supp!) of blood to the peripheral 
tissues witli resultant shock 

(c) Mechanical impediment to the circulation of blood v\as used to 
produce shock in the experiments of Frlanger Gesell Gasser ^nd 
Elliott " The) found that shock could lie caused h\ occJustori of the 
aoita below the diaphragm as well as compresion of the vena cava m this 
location Venous occlusion obviouslj impair die return flow of blood to 
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die heart and tn ihisnaj leads to a failure of caidnc output On octlusjon 
of the aorn the) found, as did ’Welch IG tint congestion occurred m 
the splanchnic aica Theic appeared to result a segregation of blood 
in tins legion Thiough peiiplicnl stagnation, the a\aihble volume 
of blood was leduced 

(d) An) sudden disproportion betvveen the blood volume and the 
capacit) of the vascular bed brought about b) expansion of the latter, 
ivill result in a failure of retmii of blood to the right heart in sunicieni 
quantit) to maintain the caidnc output Under these circumstances 
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itiCLRC 6 FiTect of liemoningc on Itlootl prc^Mirc a kI bl >od no\\ of n normil unan 
niheilznl <log In this is in tlie folio ■i{' figure ^oltd line nulintes Mood prc^Mirc 
intcrrupied line blood non ihtoiigli the hmd pat The amount an I liming or I cmvr 
rhagcj h indicatetl b) k 1 d lilocts at left irami itiom shaded blocks l>elo\ line at riglit 
Ordmalcn — Mood flot and blood ptctiiirc MMime — time m liotirt (Freeman Penn 
8yh^nla M J ) 

there will result a fall of blood picssure and its atieudaut plienomena 
Spinal anesthesia according to Smith and his coworkers produces 
Its deleterious effects upon the circulation b) diminishing the venous 
return through paral)sis of the muscles The s)ncope which attends the 
erect posture in the absence of iniiscular actnit) and the carotid sinus 
reflex disturbances ma) be occasioned b) similai mechanisms although 
the possibilit) of reflex caidnc mhibmon or reflex dilatation of the veins 
under these circumstances must be borne in mind Under an) condition 
tlic low blood pressure whiili these disturb inccs pioduce is not shock 
Onl) v\hcn pciiphcial ciuul itoi) f ulmc piodiucs sufTtcicnt tissue anoxia 
to inmate progrewne reduciion of circulating blood volume, can the 
pioccss of shock be said to have started 
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(e) Vasoconstriction is a ph>sioI(^icnI mcclianisni ssliicli senes in a 
piotectne capicit) in the face of a falling blot^l pressure There is 
selecti\it\ of tlie distribution of the reflc\ contraction of tlie arterioles 
uitli the preponderant effect in the skin and splancinuc area In this 
s\a> there is consersation of available blowl fltiu for the vital organs, 
the heart and the brain in which the svmpitliciic icmirol is lc« powerful 
rreeman'^'’ has shovsn iliat this vasoconstriction, which is a proitciivc 
device for the crisis, ma) be the ultiniaic cause of shock in certain condt 
nnns thiough the cnculator> deprivation which it piodiitcs in the 
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peiiphcral tissues The dog. which Ins been svinjiaihcctonuretl bv removal 
of both dnins of paratcricbraJ 5 )m|mhciit gangJn. is more scnsiiiie 
to loss of blood and vmII die sooner from a snnllcr bemonhage linn a 
nomial dog V'ct this same aninnl will not go into shock, even though 
Its blcwcl pressure be reduced to a lovxer level for a longer pcritKl tlnn in 
the normal dog Vi^incs 0 and 7 ilJusirate ihc difTcrence in rcaciion 
between tlie nornnl and die s^mpathcctomi/cd dog when the IiUkkI pres 
sure was reduced b) hcinorrhagc In the absence of the sjmpathctic nerv 
ous svstem tlic peripheral ijssttcs arc not deprived of blood to tlic same 
cMcnt bv the low blocxl pressure as under the inlUicnee of vasotonsinc- 
non It IS [xissiblc tint certain iraumitit factors, such as |»ain. cold 
ind ft.u iMit iIkii tnlliieiKi in ilic piiMliKtion of sluxk iliiotigb vJ'o 


tonsinttinii 
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The cliaracter of the blood determines its usefulness in the function 
of suppljing o\)gcn to the tissues In this imnnei nnj leduction in 
the oxygen carrying (opacity of the aiternl blood such as m anemia 
means that a greater \alunie flou of blood is necessary to meet the oxygen 
requirements of the tissues Similarly if tlie oxygen content is reduced 
tluough inadequate oxagenatton of the blood in its passage through the 
lungs the aolume of arculation a\ill need to be greatei Since asphyxia 
is capable of reflex stimulation of the aasoconstrictor mechanism the 
possibility of double damage to the nutrition of the body cells is picsent 
Bayliss^ii has called attention to the importance of this consideration in 
his statement At tlie risk of tiresome iteration I uould again emplnsirt 
the importance of adctjuale oxygen supply to the tissues 

Another consideration which a\iH affect the oxygenation of the cells 
in relation to a gtsen blood flow is the metabolism of the tissues In 
the first place the cells may be unable to use the oxyg:en supplied to them 
by the blood Under these circumstances according to Peters and \ an 
Slyke-il a histotoxic anoxia axill detclop Our knowledge of the 
fundamental mechanisms ashich determine tins disturbance is too meager 
for discussion An increased metabolic rate on the other hand is a well 
recognized condition Feaer dctenniiies an increase in the oxygen require 
ments of die cells to a marked extent In this way any reduction in the 
available circulation will make itself felt more rapidly and with gieaier 
consequence The termiinJ shock of acute wfeevons and the phenomen i 
of a thyroid crisis are probably associated with a circulatory discrepanty 
engendered quite as much by extraordinary metabolic rate of the 
tissues as by reduction of the volume flow of blood to these cells 

PROGNOSIS 

The prognosis in cases of shock is dcteirmncci by the seventy of 
the circulatory deprivation and the time during which tins inadequate 
supply of blood to the tissues has been pKseiu Tins fact is well ilUis 
trated by the rapid improvement which the patient shows in case of 
hemorrhage when the bleeding is stopped and a transfusion of hlowl 
IS given After shock has progressed to the stage of hemoconctiuration 
w ith segregation of tlie blood m the peripheral and splanchic capillaries no 
therapy can interrupt the vicious circle Tlie tunc factor m shock has 
been forcibly stresserl by Cannon i 
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TREATMENT 

Since shock is ihe pjogiessi\c loss of cirtnhnng blood soltmic due to 
the tissue ino\n nhich lesults from impiired circulation u is impcntne 
to interrupt tJie process it the eirhcst possible itiornent before serious 
tissue damage is produced In order to check the couisc of shock au 
adequate suppl) of ovjgenated blood suflicient to meet the tissue require 
merits must be achie\ed The etiological factors have been enumerated 
above and the treatment of shock vmII be described under the same 
categoiies 

(a) Since shock is usually produced b) insuflicicnt volume of blood 
or plasma replacement of this loss is the most effective therapeutic agent 
In case shock has been brought on bj hemorrhage transfusion of blood is 
mamfestl) the appropriate treatment The lost blood should be replaced 
at the earliest possible moment after the bleeding lias stopped Tlicre 
are two circumstances which may prevent the carrying out of this 
objective Lack of suitable blood and m a condition when further blcctl 
ing IS to be feared 

In default of appropriately matched blood tlicrc aie various blood 
substitutes which may be used Fresh plasma is probably the best of these 
substances -i- It will provide the necessary volume with a colloid osmotic 
pressure which will hold it in the vascular system It lacks the ovygen 
carrying capacity but the Iiemoglobin content of the blood can be reduced 
to extremely lov\ levels without great harm provided that the volume 
be maintained The possibility of the storage of plasma in the dried or 
lyophile form offers opportiinuics for wider usefulness -t*) 

Gum acacia was suggested as a blood substitute by Bayliss-to It has 
approximately the same viscosity in a siv per cent solution that plasma 
has and has the advantage over solutions of electrolytes that it exerts 
a colloid osmotic pressure It is held within the blood stream for long 
periods of time The drawback to the use of acacia is the difTiculiy of 
its elimination Traces have been found m the circulation as long as 
three years after its administration ** Its deposition in the liver has been 
noted In an emei-gency it is valuable Five liumhcd cubic ccuiimeters of 
a SIX per cent solution are given intravenously vMtli immediate benefit m 
restoration of blood volume 

Tlie circulatory volume can be temporarily sustained by the mtra 
venous admmistniion of physiological saline or five per cent glucose 
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Tins fluid IS held in the circulition foi is loitj^ is in hour ind should 
lie used in the treitment of hcinorrlngc until blood or some better sub 
stitute becomes a\ail iblc In tiscs of hemorrhage uhich ire not serious 
tlic body ivjlJ be ible to mike its o^\n readjustment pioiidcd tint suf 
finent iviter ind silt nn be called on 

In the treitment of hemorrhige fluids admimstered by ilic gistio 
intestiml tract seem to be better handled than fluids idmimsteicd 
pirenterall) is Robeitson and Bock.^ shoued In many cases vomiting 
or gistrointestiml hemorrhige will prevent the intike of fluids by mouth 
In such cases water or salt solution can be given by rectum 

The fear is occasionally evpressed of givin„ fluids nuravenously 
because of the dangei of overloading tlic circulation 1 oi tins leisou 
their administration by hypodermoclysis has been advocated The dangei 
is probably overestimated as the quantitative studies of Alischule aiul 
Gilhgan-if have shown The normal circulation tan tolerate the iiura 
venous administration of isotonic fluid at a latc of jo to 20 cc pci minute 
uiihout any use m venous pressuie In cases of congestive heart failine 
with increased venous pressvue fluids can be given slov\ly at •» to ] ct 
pel minute ujihout increasing the pressure since tlie salt solution itaves 
the circulation at ippioximately the same late The thsappeaiamc of 
fluid from the subcutaneous spaces when injected liypodermicxilly is pioh 
ably more rapid than the slow rate at which it is given intravenously 
by the dnp method now employed An additional reason for giving 
It into the vein is the freedom from discomfort 

In case that fuither bleeding is to be feaicd ilie treatment of Iicinoi 
ringe offers one of the most difiicult problems m judgment whicli tlic 
practice of medicine alTords The ideal to be stuveii for if suigical inter 
vention is not feasible is the maintenance of life until ilit phvsiologicil 
and chemical forces of the body should hue cou rolled the bleeding 
In the final analysis tlie patitnt should be allowed 10 go to ilic ed^c of 
sliock without entering the vicious circle of progressive loss of tiicul iting 
blood volume through tissue ano\ia 'With this concept in mind ujxm 
wliat considerations can the pliysician depend to guide him iii his 
treatment’ Here as m few other conditions the most careful watch 
should be kept for signs of oncoming shock One of the earliest ev ideiu es 
ih It the body is undci strain is restlessness In e\pcrimeius on do^s under 
local anesthesia ts it was rqieaicdly observed tint itstlessiicss was a pic 
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monitor) sign of shock Tins change m the beIia\ioi seemed to occur 
at 1 critical period when the additional loss of a small amount of blood 
would precipitate the downward course 

A rising pulse rate and a falling blood pressure are unmistakable signs 
of shock The) ina) not gi\e stich specific indications of the correct 
time to take measures to prevent shock as the behavior of the penplieral 
circulation As long as there appears to be an adequate suppi) of blood 
to tile peripher) as indicated b) a pulse of palpable volume and wnnu 
extremities shock in the presence of hemorrhage, need not be feared 
The appearance of the lips tlie ears the nose and the circumoral region 
IS of diagnostic significance AVHien vasoconstriction pioduccs an ashen 
appearance and the face and hands are coW and sweat) the pioccss has 
reached a crisis which demands mtervenuou Frequent determinations 
of the concentration of the blood should be made As long as dilution 
IS proceeding after hemorrhage the process is one of restoration of blood 
volume from -the extravascular fluid reservoirs Wlicn the process of 
dilution IS checked or if concentration occurs the process of shock has 
then alread) started 

The treatment whicli seems to offer the best results in miintaining hfe 
m the face of continued bleeding is the continuous drip tnnsfusion 
suggested b) Marriott Dunng the course of this treatment careful 
observation of the general condition of the patient must be made 

rhe ndiiuiiistrnlton of stimulating drugs in shock from hemoirhoge 
IS not only useless but probably harmful except as a last resort if a 
fatal outcome seems imminent 

In shock brought on b) deh)dration treatment demands first of all 
the replacement of the fluid lost In tins restoration it is of imjiortance to 
appreciate the fact that various salts have been lost in addition to water 
when deh)dration has been caused by excessive vomiting diarrhea dram 
ao’C or urinary secretion It is essential also to realirC that through insensi 
ble perspiration there has been going on a loss of watei without salt It 
is hard to say which of these losses it is the more imperative to replace 
From the standpoint of meclianical volume the administration of water 
IS the chief factor The electrolyte balance however, must be maintained 
in Older to permit proper functioning of renal and other tissues 
Fortunatelv m the form of o 9 per cent sodium chloride solution (physio 
logical saline) both salt and water are available Provided that the 
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kidneys are able to function the body can regulate the excretion of 
either anions or cations so as to achiexe the necessary balance Hou 
eier a supply of tvntei is essential for adequate renal function I-ne |)cr 
cent glucose in distilled tvater is more readily excreted than physiological 
saline The total quantity of fluid necessary to correct a state of dehydia 
tion IS large Maddock and Coller-^S hate determined the fluid needs in 
surgical patients and ha\e found that it avas necessary to gi\e as much as 
six pei cent of the body sxciglu in addition to the daily requirements 
to correct the state of dehydration present in patients at tlie time of 
admission Coller and his associatesro have described the technic for 
leplacement of tlie salt lost by \omiting diarrhea and profuse dninigc 
Esen though the external loss has been one of uater and salts alone 
svben dehydration leaches a critical stage of impending shock lecosers 
vill not always follow replacement of the lost materials Keith » in his 
experiments upon dehydration produced by the intrascnous injection 
of sucrose found that if ilie state of dehydration were not allossed to 
persist for long recoaery by replacement a\as effected Howeaer if he 
waited too long before replacing the fluid lost recoatry could not be 
brought about The clinical experience of pednincians in dealing 
With dehydration associated avith diarrhea and aonuting showed that in 
the serious cases the fluid administered was not retained in the circu 
lition but aa'as found at necropsy m the tissue spaces and in tlic serous 
caaities It seems probable that the decreased circuhiion biought about 
tlirough dehydration produces sufficient tissue anoxia to impair the 
permeability of the aessels so that a loss of plasma ensues with consequent 
reduction of total amount of plasma protein m the circulation Fsen 
though the concentiation of plasma proteins is elcsated during the 
course of dehydration the absolute amount is decreased Support foi 
this concept is furnished by the consistency asiih whicli low \alues for 
the serum protein concentration are found after recoaery from dchsdra 
tion has been effected This icduction in the serum protein concentration 
faalitates the development of edema particularly m the present c of 
excessive admiiusiration of sails TIiomp«in Ravdtn and Frank^ have 
emphasired the significance of low blood piotcins in faulty postopcniivc 
wound lie ding llypoprotcnicmii isUiiikn Ravdiii uid I n/ici first 
showed disturbs the function of the gasiroinicsiinal tract 
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Tlte follouingcase iHusintesihe treatment b> transfusion of a jiaticnt 
suffering from shock as a result of deh>draiion 

Case 1 F P Dc\ Uiuscrsitj Hospital No 37 122 1 he patient 
svas a s\hile man of 36 )e3n uho had sustained four previous abrloniitnl 
operations for regional ileiiis He was first acliniucd to tlit hospital IS 
hours after the onset of aniic micstinal obsiruciion "I here nas (hstcii 
tion and fecal vomiting He was in extremis with a sjstolic pressure of 
GO and a pulse rate of 134 His cxiremuies vvere cold and c)anotic 1 here 
v\as marked tetam with positive Clievostek sign The blood studies 
showed a red cell count of 4 76 million and a hemoglobin of 90 jicr cent 
The white blood cells numbered 8300 The chlorides weic 83 milli 
equivalents per liiei and the carbon diovide capacity aO volumes jicr rent 
Immediate intravenous treatment was started In the succeeding 18 hours 
he received 1160 cc of blood and 1130 cc of five per cent devtrose in 
phvsiological salt solution The sioinacli vvas decompressed b) suction 
through a Millet Abbott tube At the end of 18 hours the clinical picture 
had changed dramaiicall) The pulse was 92 with full volume and the 
extremities warm and dn Blood siiuhcs repeated the following dij 
showed that the chlorides had come up to nonnil 102 8 milh-cquivalcnis 
and the carbon dioxide to 62 volumes per cent The seiaim proteins were 
I 8 grams per 100 cc in spue of the fact that he had received 102) cc of 
blood in multiple transfusions Flic Itcnioglobin did not exceed DG jicr 
cent aUliough the re<l bhxxl count on the second day went up to 
million This patient illustraics the neccssit) of administering fluid w’lih 
colloid osmotic pressure uhicli will sta) in the circulation The low serum 
protein concentration even after giving so much blood indicated tlio 
scverilj of total circulating proicjn deficit that must have existed at tlic 
time of admission 

Througli exudation of sermn from a burned area or b) the Joss of 
plasma into an area of inflainmation the ctrculaling plasma vnhtnie is 
frequent!} reduced Tins loss is alwajs a serious one since iti addition to 
the decrease in blood volume there is hemoconcenimioii with increase 
in the blood viscosit) wlucli leads to further impairment of circulaiion 
Replacement of tlic lost fluid by the intravenous injection of fluids with 
out colloid osmotic picssurc will not restore the plasma volume The 
vessels arc unable to retain the fluid injected and the concentration of 
the blood is not lelieved Treatinent In tmisfusion is cfrc“ciivt tlirmigh 
increasing the blood volume fmi here is lU few other conditions die 
optimum thciapy is tlic adininisiniion of plisun^- Not onlj is die 
volume of the ciiculation increasetl but the condition of hcmocontcnira 
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Hon IS relie\ed In shock from icute pancreitms or from stnnguhtion 
of the intestine the loss of phsmi into the peritoneal caMty is large 
The lltiid has a protein content uhich ranges from tuo to four per cent 
Treatment demands the leplacement of the protein as the folloumg case 
illustrates 

Case 2 D S Unuersii) Hospital No 38 182 The patient nas a 
16 year old girl with tilctrame colitis of three months duration She 
i\as acutely ill on admission quite pale and uashed out The abdomen 
was dough) and tender along the course of the colon The red blood 
count was 4 1 million and the hemoglobin 74 per cent and the white 
blood count 14 000 By the following dai the hcmoglobni had fallen 
to 68 per cent m spue of a transfusion of 500 cc of blood V note was 
made that the patient shows marked hvperactmty of the sympatiiciic 
nenous system duefly characterized by pcuphenl lasoconstncuon on 
afferent stimulation Tlie diarrhea continued with between 7 and 11 
loose stools cadi day These bowel inoicmems contained blood and pus 
In the ne\t three days although she rcccncd four transfusions in winch 
a total of 1400 cc of blood were given the red blood count dropped to 
3 58 million and the hemoglobin lo 02 per cent An ileosiomv was then 
performed Upoji opening the peritoneal cavity a large amount of frtc 
fluid was encountered Tins fluid on analysis proved to have a protein 
content of 3 2 grams per 100 cc The bowel wall was inflamed but was 
not covered with fibriti Culture of the fluid yielded no growth of bac 
tena After operation she icccivcd ilnct blood transfusions ind the 
hemoglobin came up to 96 per cent 

This case is presented to illustrate the large amount of blood which 
IS lost from the inflamed gastrouitestinal tract Further loss of plasma 
into the peritoneal cavity even witliout frank peritonitis brings about 
additional reduction of circulating blood volume Treatment by tlic 
injection of water and salts alone will not replace the osmoticall) acme 
substance which has been lost with the plasma 

(6) ^Vhen the peripheral circulatory failure has been brought about by 
failure of the heait to deliver an adequate supply of blood to the tissues 
therapy must be directed toward impiovmg the cardiac function Sjiecific 
treatment of the failing heart has been taken up in Chapter 

The process of shock will ocrasionall) be cncountcitc! in a patient v»ho 
bis a damaged hcirt uid the cjiieslion will tome up as to wlutlier <>i not 
the cnciilition will stand the adininisiratiou of blood plasmi oi ocher 
intravenous fluid In answer to tins question it is only necessary to 
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eiiiplnsi 7 c the fict that the mjocirdiuni iicetis ^n idcqinic siipplj (tf 
blood for us proper functionins Correction of t Ion blood pressure 
and of Iienioconcejuration uil) prohibit result m in iniprosciiicnt of 
nrdnc function \tpin cardnc lijpcnctittt) is one of the most fnnda 
mcnul ph>sioIo(?ical rcictions to shock ^\hen the crisis is passed the 
stimulation subsides From these considcntions the conclusion is rcichct! 
tint shock should be treated in the cirdnc piticnt from tlie stind|K)int of 
the heart if that organ is the pnmir> factor Othensisc ihenp) should 
be directed touard reliesing the burden uhich alteration in the state 
of the circulating blood \oIume places upon the heart 

(c) Where shock is brought about through gross obstruction of the 
arterial or venous circulation best results mil naturallv follow renun il 
of the obstruction In onlj occasional instances will this solution be 
possible The development of collateral circulation is effective provided 
that time is allowed but with sudden obstruction as b) an cinliohts 
a condition develops winch frcqucnil) goes on to shock and death before 
tlie collaterals can develop The ongmal obstruction ina> not alone be 
sufiicient to produce dcatli but there develops from that block an extensive 
thrombosis which precludes rccoverv If the arbon^ation throinliosis 
can be prevented nine is allowcil for the development of rotlaieral 
circtilation 

Heparin ’’ -1 Ins rccentlv been developed for intravenous use in patients 
It will prevent the extension of the tlironibotic process In addition the 
development of further emboli is prevented Tlic solution is siijiplicd 
b) the Connaught laboratories of Toronto It sliotild he given b) the 
conimuous intravenous drip The contents of tvvo vials or "oooo units 
dail> will increase the clotting nine from 7 to somewhere between i { 
and 18 mniuics In a senes ol six cases of suWcibal pulmonary cm 
holism there were no deaths and no recurrence of the cmlxilie phe 
nomcna In peripheral arterial cmlxilisin the prosjreii of successful 
surgical rcmovnl is uicreasetl In the admuustruion of heparin since 
thrombosis at die suture line is inhibited Fven in case that the removal 
cannot be accoriiphslietl arlxiri/aiion ilmmiliosis is prevented so that 
tlierc IS lime for tlie reestablishment of the rirciilatifm through tollatenls 
Nfeseiiltru tfiromlKisis his al>«» trtjtcrl with coimsfcut suness 

b) tlic use of this material Iltpann is thus of use in the tridtniciit « f 
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shock \vhen there exists a mechanical obstruction to the flou of blood 
fiom a clot in the vessels 

(d) The onl) occasion i\hen stimulants arc effectise in the tieatment 
of shock IS when the process is being initiated dirough tlie fall of blood 
pressure tvhich results from reflex inhibition of cardiosasciilar or muscle 
tone. Csen m these ciicumstances the preventise treatincni b) admmis 
tration of the drug before the fall is more efftcine than after the fall in 
blood pressure has occuiTed Henderson'»<* and his couorkers ln\e shown 
that a decrease in muscle tone may occin in patients after operation 
and tliat this drop is pre\enicd by the use of strychnine A ciirient of 
air plaved upon the sktn is also effectice ni restoration of lone He 
and his associates^" found that the weakness e\penenced by an inch 
\idual in a humid emironmem without moxement of air currents was 
associated with low muscle tone and that this condition could be coi 
tected by keeping the air in motion It is possible that the beneficial 
effect of adequate lenulation is due to the increase in tone produced in 
tins ^s'ay 

The time honored use of ilic recumbent posture is the most effecine 
method of improsing tlie circuhtion when the depression results from 
pooling of blood in the senous resersoirs The head-down position 
fntors the return of blood to the right heart After spinal anesthesia has 
been induced, a serious fall in WocmI piessure and syncope will be 
produced if the body is raised into tlie \ertical jxisiiion In the preseiuion 
of the fall in blood pressure under spinal ancsiliesia, the use of vaso- 
constrictor drugs seems to have a logical place vshich lias been confirmed 
b\ experience Ephednne in doses of er, mg a half hour before injection 
of the anesthetic and, in case that the pressure is not elcvaiccl. iinmcchaielv 
befoie tlie solution is injected into the subarachnoid space, is usually 
effective m preventing a serious fall lu blocKl pressure After the spinal 
anesthesia has been administered, this drug ts not so effective in icstonng 
a pressure v\hich has fallen Tlie use of adrenalin, ben/ednne, and nco 
synephiine Ins been found valuable under these circumstances. 

Recent investigations by Kunkel. Stead and W^eiss^** have shown that 
in parednnol, ilieie is afforded a substnnex* vsliich increases the venous 
tone vMlhout at the same lime pioduciiig marked vasoconstriction in tlic 
aitciiolcs It was clTcctive in preventing syncope inducecl by the admin 
isuation of iiiiritcs vshen the subject was tlUc^d in the honrontal |>osiiion 
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Its use in the treatment of clinical shock on the medicil uartls especiallj 
if there «ts a decrease m blood sohimc wm not benefiail 

There are \arious other methods of increasing muscle tone in order 
to raise the \enous pressure An interesting one wis recently suggestetl 
b> Ornstein Liclit and Hernnn <*0 The) stimulated the muscles of tlic 
abdomen and buttocks tvith faradic current and obscracd an increase 
m \enous pressure Its successful use m the treatment of traumatic shock 
uas reported m one case This method would appear to be too cumber 
some for general use A simpler method and one which u is used for 
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Finite 8 Eilett of iniratciiou^ on < f atircinlin (0 OOS tn^ ^ |>cr minute) 
on blood pressure pbsma solume and bfood (lot ihroujih the hind paw of an tiiun 
csthciued dog Sold line — Hood pressure Inierruptesl lino— blood Rots Arrows indi 
ate plasma solume measured l>) the l!uc die 1 l''2l it t mes indiatcd Ordinatev— 
blood Doss left and blood pressure tight \bsasiae— lime in hours Tlie I tend Doss is 
rcconled m Oibic cenmneten per lOO cc tissue ulnmc i>er minute (Frcetnin Penn 
s)lsania M J) 

man) jears is centripetal inassagt of the tstrcmitjes It seems likcl) that 
blood which is stagnant m the periplieral portions of the body may be 
brought back into the circulation b) this metliod Proiidcd that the 
blood flow to the tissues of the body is not too long impaired the process 
of shock will not be initiated 

(c) \ asoconstnction is one of ilic piotectivc mechanisms of tlic bt«l) 
winch IS brought into play bi iraiima or the expectation of injury It is 
useful in the emergency, to mobihrc the resources of tlie organism The 
pliyiinlogical attributes of snsoconstriciion hue bttn disrusscil m the 
seition of this <liiptci dtsoietl to the consulLritKin of the phssiologs 
of shock Istn though constriction of the \tssels of the iKriplienl jKir 
lions of the body is beneficial in the crisis serious conseajucnces arc pro- 
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duced if ill'll consiiiction is too protiacted The arteuoles are conirncted 
iiid although the pressuie proximal to the narrowing mi) be nistd 
blood flow is reduced The niiinent suppl) to the tissues mi) be so fir 
cut down tint ictuil necrosis ma) ensue Such an eient is to be seen 
m the gingrene of the fingei ti|>s brought about through frequent spasms 
of the digital arterioles in Riymiid 5 disease 

Generalized vasconstnction such as that winch results from the m 
trnenous administiation of adrenalin may be so intense and produce 
such a deficiency in the blood supply to the tissues tint shock can be 
produced In the umnesiheii/cd dog as shown in Tig 8 if iIjc clusagt 
of adrenalin is increased to produce a seiere reduction in peripheral 
blood flow a marked decrease in blood \olmne with henioconcenira 
tion results 30 On microscopic exaimiiition of the tissues there is found 
congestion m the minute aessels of the splandinic area 

The aasoconstriction hypothesis is useful in that it proiides an e\ 
planaiion of the fact long recognized that pam fear and cold are capable 
of producing shock or of aggravating the condition if present The fun 
darnental jihysiological leaction of the body 10 these sumuli is vasocon 
striction It IS a purposeful icsponse If the emergency is too severe or 
protracted the very mechanism by which the body strives to survive 
may bring ibout its iikirmte (hssohttioti Owiai cares of shock fireapi 
tiled by fear have been encountered and a suigeon of such wide experi 
ence as | M T Finney **4 has emphasized the importance of the emo 
tional attitude of the patient prior 10 opeiation TJie following case 
history is given to illustrate the physiological leaction pioduced by ap- 
prehension in a patient 

CvsL 3 G H ^^as5acfulsctts General Hospital *No 349 187 Tfie 
patient was a 13 yeai old white female who was operated upon for uterine 
bleeding A loial hysttrcclomy was performed under ttlicr and local 
anesthesia Before opcmion tht patient had been examined by four 
dilTcrcnt plnsicians and Ihcv had all commented ujion the emotional 
instability which she manifested During tlic course of her operation 
although the blood jirtssiirc w is well inamnined the pulse rate was 
112 beats per miiuiii S|Krial tan. v. is taken u> jiresenl the loss of blood 
and ifier operation she was given IKtHI ce of fluid intrivenoiislv That 
niglit her Condition w IS eNcellciil pulse 92 blood pressure l()0/8j flow 
ever she was sweating and nncomnnnneatnc llic following morning 
she w IS 111 sbotk with a pnlx. of JW and a blootl pressure of 9)/8C Her 
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skin \si% cold and clammj She was somiung cofTct ground niatcnd 
Exanunaiion failed lo resell inira{K.ritoncil hciiiorrlngt nr oilier nun. 
for her condition It was ftlt that she was suffering from shock hroiighi 
about through fear She \ as transferred into a separate room and stiuhis 
of the \ohimc How of hlooil ihrotigh her hand sstre made \t the start 
the Hou ttas terj low During the course of the exammatton ssliirh 
lasted for one and one half hours no attention was paid to her contli 
lion No treatment was instituted \s the studies were calmlj piin.ii{<I 
a steads increase in the circulation through her hand was obsirsul \t 
the end of the time the flow as as noniial She ojicncd her e)es anti iht 
skin of her face became fluslitd I he extremities weic warm and the 
jmlse of good qua!u> She proct-edetl to a normal consalesceiirt Hits 
ease IS presented to illustrate the profound phjsiolf gical cITtcis which 
can be broiij^lu about through emotional distress 

One word of caution ts needed in the inteipretaiton of sotillcd 
ps)chic shock TJie diagnosis can be suspected but not until adequait 
organic cause for the condition is excluded either by rccoscry or by 
careful necropsy can tfic nature of the etiological faetoi be established 
In tlic treatment of shock produced or aggnsated by sasoconstriction 
It IS necessary to inhibit the action of the sympathcnc ncraous system 
To produce this inhibition either the exciting cause can be clntuinted 
oi the patient presented from reacting to the siiniulns It might be con 
siderecl adsisable at first glance lo block ilie ssjn|xithctics on the tfTcnni 
side since it was shown that the sympaihectoimtcd animal will not go 
into shock Howeser esen though this animal will not go into shock it 
will succumb from hcniorrlngc wore icadily than the normal animal 
since It cannot nnintain tlirough constriction of the \csscls a blocxl 
pressure sufTicitni to supply blood to the brain If tlie p^ilicnt ascic dc 
pnved of Ins sympathetic ntrsoiis system he inighi not be alilc lo respond 
to the crisis at all \hhough shock would not be produced the patient 
would die I rom this consideration it would seem more logical to inhibit 
the syinpaiheiif ssstcm by rewosing the stimuli which call it into ic 
in tty The treatment of shock sliotild be based on the causes of v iso- 
cmistrictton as emirnentcd in I rg 9 

^\he^ pam fear and cold aic producing sasocominctum die oh 
sionsly correct therapy is morphine reassurance and wanmli These 
itnicdies ire tlie classical ones 111 ilit trcntnieni of shexk ind iswiim 
new sigmficanee in siew of il - x-asoconstrictor hyjiothcsis lor other f«t 
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tors which stimulate the sympathetic neiaous system such as dehydra 
tion and hemorrhage the treatment has been detailed aboie and again 
IS well established 

^Vhen the patient is gripped by fear it may not be possible to reason 
iMth him or reassure him It is in this instance that the administration 
of alcohol mtrasenousl) as rraaer'’** suggested has a definite place It 
can be gnen by continuous \enoclysis 30 cc (1 ounce) to 500 cubic cenii 
meters (i pint) of five per cent glucose or salt solution The patient is 
kept pleasantly inebriated and is indifferent to his surroundings \t the 
same time tlie alcohol produced peripheral vasodilatation and offers a 
supply of readily combustible carbohydiate 

SHOCK 

CAUSE TR EATME NT 

Hemorrhage — >- Transfusion 

Dehydration ^ Fluids 

Pam Morphine 

Cold Warmth 

Fear ^ Reassurance 

Asphyxia — Oxygen 

Exhaustion — >- Rest 

Ticlre 9 The t Mtme tofsltKl. (Frcemin Pc ns\l\ana M J) 

The therapy of shock aggravated by deficiency in oxygen carrying 
t ipacity of the blood is clearlv the resioruion of the hemoglobin con 
tent by transfusion In case lint the oxygen content is reduced by as 
phyxia the administration of oxygen by inhalation is valuable In some 
clinics the routine treatment of shock embodies the use of oxygen at 
high tension \\lien the oxyp,cn saturation of the arterial Iilood is already 
normal the use of oxygen does not seem to rest on a rational basis Its 
use in shock from asphyxia is imperative 

^\llen there is reduced peripheral blood flow combined with an m 
creased rate of utilization of oxygen by the tissues as in fever or in 
liyperthyroid states a condition of tissue anoxia is more leidily brought 
about In addition to therapy directed toward increasing tlie supply of 
blood to the tissues efforts sfioiild bednccfcd umard retlucing the tissue 
needs by lowering the metaliohc demands The temperature must be 
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kept fiom reaching tvccssuc hugim To this end icc bags exposme of 
the body to cool air and ice jiicks mij be used Ircqneml), espccialh 
m stales associated avitli extreme aasoconstriction the extremities nill be 
cold uhile the bod) is raging with heat Under such circumstances ice 
water enemas ma) be emplojed 

In shock associated a\ith toxemia from infections, specific therap) witli 
antitoxins is useful where possible Again surgical drainage of infected 
collections frequentl) bring gratifjing results as far as the general con 
dition IS concerned 

CONCLUSIONS 

Shock IS the clinical condition characterized b) progressive reduction 
of circulating blood volume brought about b) tissue anoxia winch re 
suits from inadequate circulation 

The clinical picture depends upon the ph)siological icactions to the 
traumatic stimuli and upon the bodil) rcsjMinscs to inadequate circuli 
uon 

The pathological findings are tliose of stagnation of blood in the 
peripheral and splanchnic areas and of tissue damage from inadequate 
circulation 

The most significant ph)siological alterations arc those of the cardio 
vascular s>siem and the) give evidence of widespread s>mpatheiic stiimi 
lation 

The cliemical changes are cliiefl) tiependent upon the circulator) 
deficienc) No chemical substance capable of producing shock has )ct 
been consistent!) demonstrated in the circulating blood in sufficient 
quantity to cause shock 

Any mechanism which brings about a discrepancy between the supply 
of o\}gcnated biood and the derrnnd of the tiswcs for ihur wtiabolism 
IS ciiologically significant in the production of shock 

Duration of circulatory impairment dcierniincs the prognosis 

Treatment should be directed toward assuring an adcquitt supply 
of oxygenated blootl to the tissues Only when this aim Ins been achie\c<l 
can the therapy of shock be termed satisfactory 
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HYPERTENSIVE ARTERIAL DISEASE 

Edward J Sticclitz Nt D 

Introduction Pre\enti\e medicine Ins gientl^ ^dn1lced tlie hie 
expectancy of man In the list 40 years the aicrage life expectancy at 
birth has increased 17 years from 48 years in igoo to 0, yens today 
Consequently the illnesses and distiiibanccs of middle and late life are 
constantly increasing in significance and ficqiiency Arterial hypertension 
or more properly Jiypertensiae arterial disease is one of iJiese TJiough 
not linuted to the later years of life hypericnsuc disease is most often 
obseraed after 45 years of age Today there are more elderly people than 
there e\er were before and in the future the ratio of old to young will 
become progiessuely greater Gerutnes and the dcgeneiatne diseases 
are of far more than mere academic interest today these problems clamor 
for prompt and aigorous attention 

Hypertensne disease is insidious and asymptomatic for a lon„ time 
as It advances to ineMtable injury This lack of early symptoms is one 
of the greatest obstacles to conquest of Uic menace As with cancer 
arteriosclerosis chronic nephiiiis coronary disease diabetes and the 
degeneratiie disorders in general tlieie must be clinical search for the 
disease if we are to discosei cases early enough to accomplish much in 
curtailing the rising mortality and insahdism To wait for subjective 
symptoms to appear is but to jnviic disaster for many TrmJ) whether 
in diagnosis research or ethics is a mistress demanding constant puisuii 
Incidence It is difficult to evaluate tlic incidence of hypertensive 
disease That it is large and distinctly increasing is nnqucsiioinble Sum 
nianzation of numerous st itislical inquiries place the frequency of hyfier 
tension in the neigliboihood of eight to ten jier cent of all \nieric.an 
males under age }, with increasing figures rising 10 ncirly jo per rent 
uoimd i„e (> In vvoinen and imidetuc is sli^hlly less uji t«» iht unit of 
the chitnctenc after that the incidence is equal or grtafti th in that m 
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men Of these hundreds of Uiousands of h>pertensne indmduals only a 
relati\el> small number ha\e knorvledge of their hypertension 

Mortality and Causes of Death TJie monality of hyperteiisiie ar 
lenal disease is liken ise an uncertain numerical figure This may be at 
tnbuted largely to the fact that hjpertensiie disease contributes to se\ 
enl different causes of death Conservatue estimates place the annual 
deaths from hypertensne disease in the United States abo\e ijoooo 
Carefully compiled mortality statistics from the large life insurance com 
panics indicate that the mortality rate is doubled or trebled o\er tlie 
expected normal death late avhen hypertension is tlie sole cause for 
rejection Although numerous persons 5ur\i\e for many years— hyper 
tensive disease is very slowly progressive— the average life expectanq is 
greatly shortened thereby Tins does not imply that every hypertensive 
patient is in acute and dire jeopardy for early in the course of tins insidi 
ous disease there is little immediate risk Tlie progression of the disorder 
IS usually sloi and gradual but dreadfully persistent There is no evi 
dence whatever tliat Iiypertensive disease once fully established tends 
to regress or be self limited Many years may elapse between tlie onset 
and the final but inevitable termination Early discovery with the institu 
tion of prophylactic measures may prolong tins interval and postpone the 
ultimate invalidism and disability 

The major causes of death jn hypertensive arterial disease are cardiac 
exhaustion or defeat cerebial hemorrhage pneumonia and renal de 
compensation occurring in die frequency of tJie order named Cardiac 
exhaustion from the ever increasing buitlen of the rising periplieral 
resistance accounts for someirJnt more than half of the dealJis i Tiie rela 
tionships of cardiac failure to liyperteusive disease are discussed m 
Chapter 

Disability Disability ranging from minor infringements upon per 
missible activities to the complete helpless invalidism of the apoplectic 
or cardiac cripple is an even greater cause for concern than die mortality 
from hypertensive arterial disease The life span of man is after all hm 
ited by definite biologic phenomena of senescence Preventive medicine 
has Its limitations Rut if we may reasonably control degenerative dts 
orders so tint the prime of lift be pioloii^ed ind premature disability 
laigely avoided until senility really equals infirmity then guiatncswin 
have contnbuted immeasurably to the welfare of mankind The greatest 
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disibilit) and invalidism from h>periensi\e disease ocairs in the hte 
forties and the fifues when producuvitv and usefulness should be at their 
peak With more than lialf of the deaths from hypertensive disease due 
to cardiac failure manifested either as congestive decompensation coron 
ary occlusion or angina pectoris it is not hard to visualize hou truly 
tremendous is the total disability from this disease About one fifth of 
the deaths result from cerebral apoplevy and many more patients liave 
nonfaial but disabling strokes 

Symptoms The tragedy of hypertensive disease is accentuated byi 
its insidiousness and by the fact that it so often attacks those w hose energy { 
pioductive imagination and fine sense of responsibility make them most 
valued members of the commiimty TJioiigh not simply limited to any 
one phvsical or mental type of person hypertension docs exhibit a pre 
diicction for the doers ratliei than for the drones 

Tlie absence of subjective distress of any sort in the early stages of 
hypertensive disea e is the gieatest bamei to effective control Many 
of these individuals have m tiniisinl vigor and enthusiasm and are totally 
unaware of then early hypertension The majority of instances of early 
hypertension are fust discovered rathci coincidentally upon examination 
for some other purpose It cm not he oveiemphasized tint inclusion of 
blood pressure determinations should be an integral and invariable pin 
of every physical examination This applies not only to examinations of 
patients in the fourth to sixth vlccadcs of life but to those of all a„es 
and with all, complaints In children and young adults hypertension mav 
be a sequel to acute infections with or without ncpliniis Hvjicrtension 
m pregnancy is very dangerous It is certainly more impouant to discover 
early hypertensive arterial disease in a young woman before she betomes 
pregnant rather than after gestation has commenced and the problem 
IS greatly complicated Routine preopcraiivc determination of the aricnal 
tension may forewarn of hazardous risks 

It IS true that in the last several years there has insen an increasing 
public consciousness of tlie im|>ouuire of silent iiypertension It is upon 
the ^tiieial pruiitinnei tint the resjionsibihty for early diaj,iiosis rests 
It IS lIuoii„h him lint the gtncul public should icceive most of us ic 
curate md vahnbJe infornntioii Ji is he who Ins the greatest opportimiiy 
foi frequent examiiiuioii md who is in the best |>osiUon to jiuinpate 
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difficulty because of his intiimie knouledge of tlie family lustory en 
vironmental background and penonality of his patients 

Diagnosis The diagnosis of hypertension or hypotension is one of 
the simplest problems of clinical medicine and yet one of the most diffi 
cult It IS only necessary to determine die blood pressure to discos er die 
presence of such abnormality But the discovery of the existence of hy 
pertension does not suffice Diagnosis to be complete and fully useful 
must include far more than this Consideration of the etiologic factors 
the extent of permanent irreparable anatomic injury the degree of car 
diac and renal functional reserve and the existence of complications must 
all be included in a truly comprehensive diagnosis Effective dierapy 
must be based upon etiology in hypertensive disease this is extremely 
complex and variable Thus the wisest therapy is inevitably highly indi 
vidualistic 

It is important that the determination of tlie arterial tension he done 
correctly (see Chapter XLIII) and that careful consideration be given to 
the various factors which may cause transient variations in the tension 
Upon one occasion at least the tension should be observed in both arms 
Asymmetry of the tension is far more frequent than is commonly apprea 
ated and it is sometimes of considerable magnitude In one senes of 
some 600 consecutive examinations' clinically significant differences in 
the blood pressure of the two arms was found in some 16 per cent In 
those patients with hypertension this frequency was increased to '•y per 
cent There are many instances where failure to make a bilateral deter 
mination of the blood pressure results m gross and giievoits diagnostic 
error The reasons for such asymmeti-y may be obscure but often there are 
significant and serious lesions such as some mtrathoiacic mass (aneurysm 
or neoplasm) aortitis cervical nb or cerebral lesion with trophic dis 
turbance 

Case Example Mrs R L aged 43 a surgeon s wife had for several 
years complained of discomfort in tlie region of tlie left shoulder left 
anterior axillary line and down the left arm This discomfort was 
described as a numb pulling sensation The existence of actual jiain 
was denied The patient admuied that were it not for her constant fear 
of a mammary cancer (lier mother and one maternal aunt had died of 
cancel of ihc hicasi) she amid train hcivclf u> ignoie the distress Hut 
with this ftai the disco nfort was beaming increasingly annoying pai 
iicularly as examinations by several physicians had faded to reveal any 
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explanation thereof "I here %\cre no dtinonstnble foci of infection The 
cardiac and pnhnonarv nmhngs ^%tre entirely normal \o Icsiom of the 
bieast could be detected Asymmetry of the arterial tension t\as discotered 
houe\er The pressure was 110/70 on the right and 94/60 on the left 
This degree of asymmetry persisted on repeated examinations An anteno 
posterior x ray film of the base of the neck was obtained on the immedmc 
suspicion tint a cenicaj nb aceminted for both the subjective and objec 
me symptoms T.lie film oonfinncd these suspiaons and although surgi 
cal intervention was not advised the relief of definitely knowing the 
cause of her paresthesia gave her great comfort 

C\SF ExvMiLt Mr H S aged a I indignantiv requested expert 
explanation of why one life insurance company flatly rejected him as a 
risk because of hvpertcnsion whereas but a month previouslv his apphea 
non for a large policy had been accepted by another company at standard 
rates He felt pcrfectiv well Bdatcral determination of Ins arterial ten 
Sion revealed a severe asymmetry Right lf)0/J20 left 118/70 Careful 
que'iioninj, elicited the information that the two different medical exam 
iners had measured his bfood pressure on different arms Auscultation 
of his heart yielded normal findings but fluoroscopic and film x ray exam 
inaiion of his chest revealed a small but distinct aneurysmal sac u])on 
the aorta at a point where it could well interfere wiili the circulation to 
the left upper extremuv His Wassermann reaction was strongly positive 
The patient soon realued his luck in obtaining the one insmancc policy 
and the insuring company began to take an interest m the desirability 
oi biUtcral bio^ pressure mcasvrcmcnis 

PATHOLOGIC PHYSIOLOGY 

An understanding of the circulatory mechanisms the factors which 
contiol the aitcnal tension and which maintain circulatory equilibrium 
are necessary to the intelligent interpretation of abnonnal findings The 
observation tint the blood pressure is elevated docs not alone justify 
the conclusion that hypertensive diseisc exists Hypertension or hyjw 
tension are /^/i>Jio/ogtc Tfn/ti like fever or edema and not diseases rnher 
is but an exaggeration of a perfectly normal and vital physiologic phe 
noinenon for an incmrtenal icnsion is absolnlely necessary for tlie mam 
tenance of the cnculation and thus of life No new mechanisms arc 
involvetl in such deviations from the normal There is not nor can there 
be a sharp line of distinction lietween purely physiologic nuctintions 
and pathologic changes The most satisfactory and definitive term for 
the characteristic disease m which hvpertcnsion is the chief clinical 
phenomenon is hypertensive arterial thsease The term arterial hyper 
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tension denotes the state of tle\ited blood prcssmc 1 he popuhr term 
essential li>periensK)n is inisleadin^, m lint esscntnl meins uliojnihtc 
or tvithout cause md hypertension is my thing else neicnrises uithoul 
cause Just because the etiology is obscure ind difTicult of ippmsal is 
no justificition for denying the existence of cause Hypertensive disease 
though It expresses itself in imnifold symptoms and consequences Ins 
distinct biologic unity and a consistent pathogenesis -t \U the sequelae 
and consequences are attributable to the impairment of tissue nutrition 
and oxygenation due to arteriolar constriction The eqmhhntory 
mechanisms of the circulation are delicate and complex It is througli 
disturbance of this equihbratory mechanism tint hypertension and liter 
hypertensne disease arise 

The maintenance of the circulation is primarily dependent upon ilic 
propulsive effect of die coniraciing beau Any failure of the heart from 
i hatsoever cause inevinbly results in circulatory fiihire The uorJ. 
involved is tremendous The human adult iiean moves from j to lo 
liters (ii to 2® pounds) of blood per minute or to ®oo cc per beat 
Thus about ten tons of blood are moved jier day This represents merely 
the weight of die blood moved and docs not take into consideration the 
resistance to such motion e g the diastolic tension 

Peripheral Resistance In opyiosmon to the propulsive activitv of 
the heart is the peripheral resistance of the v iscuhr tree and the inertia 
of the blood Alterations in the arterial tension are reflections of changes 
in the peripheral resistance and the efforts of the heart to overcome these 
The diastolic tension essentially represents the peripheral resistance the 
systolic tension equals this plus the cardiac force at systole Vs the dnsiolic 
tension rises so must the systolic tension if circulation is to be immtaincd 
The siardvac bvvvdew vs greatly vncreasecl by av\y rvse uv the yvertphcnl 
resistance 

Tlie peripheral resistance to the circulation is dt.pendcni upon a num 
her of factors These factors arc of varying importance and tlicy are n n 
all subject to the same degree of physiologic oi pathologic fluttuation 
One factor is the viscosity of the blood This is relatively constant Tlie 
viscosity IS chiefly dependent ujaon the cell count for die viscosity of d c 
plasma is relatively low Changes in Mscosiiy are of significance to die 
mechanics of the circuhuon only when the cell counts exceed ,000000 
ery throplasiids per cubic millimeter The increase in penplieral resist 
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aiice due to elevated vivcosit) affects clncfly tlic capillary cii dilation uluch 
has a very minor effect ujion the arterial tension as a vvhole. 

The most important and variable factor controlling ilie jienpheral 
resistance is the resistance of the arterial walls to stretching The degree 
of arteriolar constriction In common with all blood vessels these struc 
tures act as (i) conduction ducts, they also control the (2) disinbuuon 
of the blood to various parts of the body by appropriate relaxation or con 
stnction in areas of increased 01 diminished work respectively, and they 
(3) act as a dam with sluice gates to control the head of pressure m the 
circulatory system proximal to the nnetioles The walls of these smaller 
arteries consist chiefly of spirally arranged smooiii muscle fibers, under 
the direct control of the sympathetic nervous system 

As blood flows onward from the aorta and into the larger arteries and 
then into the smallei and smaller branches, the diameters of the mdi 
vidual vessels gradually become less but the total .area of the vascular 
bed becomes largei The mtiavascular tension falls This fall is but 
slight up to the level of the arterioles, from 50 to 60 per cent of the 
reduction in pressure from .aortic to venous levels occuis m the arterioles 
TJnis the degree of constriction, or aveiage tonns, of the vast numbers of 
small arteries and precapiUary arterioles is lesponsible for a large fraction 
of the peripheral lesistance This is indirectly reflected as the diastolic 
tension Constriction or relaxation is dependent upon the constant flow 
of impulses along the sympathetic nerve fibers to the smooth muscle of 
the arteriolar walls riucluatious in ihe intensity of these stimuli or in 
the excitability of the musculature control the vascular tone and in turn 
the diastolic tension The \.asomotoi nerves are derived from the auierior 
spina! roots from the first thoracic to the fourtli Jumbai segment The 
1 essefs of the bead, neck and extremities are itwen ated by’ fibers from the 
spinal cord, but the whole apiiaraius is controlled to some degree by a 
medullary center both through the cord and the vagus ncive There may 
be reflex reactions through the syanpalhetic system without apparent cord 
connections 

Most changes in artcriokar caliber arc not reflected m the systemic 
arterial tension because they .arc of a local nature and arc compensated 
for by localised tonstricnon or relaxation elsewhere. TJie wliole circu 
laiory tree is in a constant state of flux and ndjusinu.iu to maintain a 
relatively constant equilibrium and only generalized changes of consider 
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il)le iingnitiide iiechintnll) disccimblc during the pciiod 

oE jKJStpnnclnl digestion theic is splanchnic \isodihiion and a com 
pensatory pcnphenl (cimneous) and cerebral nsoconstiiction Tins 
•iccoiinis for the typical after dinner somnolence and the greater case null 
ivliich we are chilled during digestion It is significant in considering 
the splanchnic peripheral reflex bahnte to remember tint the renal 
circulation is effected as lint of the skin Thus factors uluch cause pcriph 
eral \asoconstnction such as chilling likewise cause renal \-asocon 
stnction and ischemia while the splanchnic area is in a suie of actuc 
hypeiemn This phenomenon is probably partially responsible for the 
tendency to reml injury folJouing peripheral chilling 

Control of Arteriolar Tone This whole equilibratory or homco 
static mechanism is also intimately correlated with the control of caidiu. 
activity through the depressor fibers of the sagus nerse A rise m arterial 
tension results m retardation of the cardiac rate and ct mersely a nnrketl 
fall in the arterial tension causes caidnc accelention 

Tile control of ilie anenohr tone howciei does not rest entirely with 
the sympathetic nenous system Hormones ln\e some direct influtnce 
upon the medial muscle fibers Epineplirinc is markedly sasoconsinctor 
Pitintriii the nitrites histamine certain bacterial toxins and many oihei 
pharmacologically active substances affect the ariernl tone (and therefore 
the arterial tension) directly 

Hypertension then represents a disturbance or imbalance of tlie 
circuhrory homeostatic apparatus It docs not iinohc new mechanisms 
and IS not a new phenomenon The state of hypertension may exist 
temporarily in the absence of hyperiemise disease although the coiucrse 
IS rarely if e\er true A state of hypertension may arise from ans of 
many souices the reactions of fcai anger or excitement may result in 
notable but transient hypertension With the exception of the lutrcascd 
tension obsersed in the upper extremities in coarctation of the aorta 
howeser hypertension is invariably the result of increased arteriolar 
tonus The primary factor irrespective of the nature of the stimuhm 
IS the arteriolar hypertonia Hypotension conversely is usually <luc 
laigely to undue arteriolar relaxation 

Results of Artenolar Constnction It should be cmphasircd tint 
hypertension due to arteriolar constriction rcsiiUs in reduction in the 
hlootl flow distal to the arterioles On the other hand arteriolar rclaxa 
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tion increases the capillary flow to cause acme h)peremn Capillar) 
stasis with emphatic retardation of flow creates local impairment of nmri 
tion and the ox)gen suppl) Tor this phenomenon Riesman has coined 
tlie aahnble and useful term histanoxia to appl) to diminished ox)gen 
supply to the cells although no true anoxemia need necessarily exist 
It is important to remember that die greater the arteriolar constriction 
the poorer the capillary circulation and the higher the artenal tension 
Small punctate hemorrhages into parenchymatous tissues are not unusual 
because of the impaired nutntion of capillary walls in sea ere hyperten 
Sion These phjsiologic phenomena are of \ital importance to an under 
standing of both the etiology and treatment of hypertensive arterial 
disease 

ETIOLOGY PATHOGENESIS AND PATHOLOGY OF 
HYPERTENSIVE ARTERIAL DISEASE 
The transition from the h)periensivc state to h)perten5ive disease is 
a gradual one At first the h)pertension is variable and inconstant as 
time goes on it becomes more and more continuous and persistent until 
m the later stages of the disease the artenal h)pertension is esseniiall) 
irrevocable ^V^Jiat starts out as a purel) pb)SJo]ogic response becomes a 
progressive and destructive disease \et we must not forget that the h)per 
tension per se is but a physiologic response Perhaps the most significant 
advancement in medical thought since the introduction of bacteriology 
has been die change m appreciation of the phenomena of disease In the 
not so distant past all symptoms and signs of disease were considered to 
be changes requiring energetic correction It is not long since our teachers 
of therapeutics devoted most of their precious lecture time to antip)Tetics 
Now fever is induced as a therapeutic agent 

The recognition that many of the phenomena of disnirhcci ph)sro?og) 
observed in disease such as fever edema leuXoc)tosis and hjpertcnsion 
are compensator) adjustments and that the) may be valuable defense 
leaaions of the bod) has done more to bring logic and cflecincness into 
therapeutics than an\ other concept The appreciation of this viewpoint 
IS still )oung There is much which must be learned as to the relative 
merits and dements of various phjsmlogic responses To insist tine all 
the phenomena of disease are evidences of defense reactions and therefore 
desirable v\ould be just as illogical and one sided as the older viewpoint 
that all such disturbances are necessaril) detrimental Each problem 
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must be appraised mdi\idiiall5, both qiiantitnti\ely and qualitatively 
Fever may be a defense mechanism in infection, but hyperpyrexia may 
well be fatal It ts charactensUc of biologic reactions in general that 
lesfjonse to stimulation is in excess of requirements Overcompensniion 
IS therefore the rule rather than the exception. Hypertension arises as 
a restilt of constrictor stimtilation of the arterioles, the reaction of inper- 
tonicity or spasticity of the arteriolar musculature is one of ovcrcompen 
sntion This particular reaction differs from most others, however, in 
that It does not tend to cease wnth the termination of stimulation. IVhen 
the necessity for fever as defense mechanism against infection is over, the 
temperature falls to normal; when the arteriolar irritation which initiates 
hypertension ceases the arterioles tend to remain spastic. Appaiently 
arteriolar hypertonia lowers the threshold of stimulation requisite to 
cause further contraction and thus is progressive. This progression of 
hypertension ts usually slow, but extremely persistent. 

With moderate hypertension the patient is not particularly jeopir* 
dized and active ilierapy would be largely unnecessary were it not for 
this intrinsic characteristic of constant progression with ultimate degen* 
eration of the vessel walls. Excessive elevation of the arterial tension is 
frankly precarious. Thus the duration of the hypertension and of ilie 
factors which cause it to arise are most significant. 

ETIOLOGY 

The causation of anything involves three majoi catcgtirics of ciiologic 
factors* (i) Predtsjiosiug, (2) Provoking, and (3) Perfielualing influ- 
ences These may Aary -greatly in relative importance in diffcreiu diseases 
and in different instances of the same disease, but they arc, nevertheless, 
invariably involved For example, in acme toniagums diseases the pio 
voking causes, which include the imaston of specific pathogenic organisms 
and the predisposing cause of lowercti resistence of the host, arc more 
significant than any perpetuating factors On the other hand, in the 
instance of cancer, the predisposing vulnerability of ilie mdividinl and 
the {XJwerful, though unexplained, perpetuating growth factors arc more 
vital than the provoking or initiating irritants. 

The etiology of hypertensive arterial disease is especially difficult of 
discovcrv because of the multiplicity of fattois involved, because the 
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slou ind nsjmptomatic earl) course delays disco\ery of the disease until 
after certain initiating factors haae ceased to be operatise and because 
each and esery case of the disorder presents a different and indisidual 
problem Typhoid feser is always due to the typhoid bacillus and small 
|)ox: to Its same specific siriis Hypenensue disease may be initiated by a 
gieat many different factors and no two cases present the same etiologic 
background Those who seek the cause of h\pertensi\e disease are 
doomed to disappointment it is only by recogniring the [undamental 
principle that there are many cansts that we can hope to pro^^ress in our 
knowledge The proaoking etiology of hypertension may be defined as 
anything whicli o\er a long period of time irritates the arterioles of a 
\ulnerable indiaidual Such a definition obviously requires amplifica 
tion but It reveals two essential characteristics The importance of dura 
lion and the significant role of vulnerabtliiy The fact that hyiieuension 
arises is in itself evidence of inherent vulnerability or susceptibility foi 
the same sources of vascular irritation may not induce the disordei in 
another person Hypertension is frequently familial and liereditirv fai 
tors are being increasingly emphasued The importance of constitutional 
vulnerability is recognized in many otlier diseases notably in hyperthv 
loidism cholecystitis and cholehtluasts migraine nicina! disease rheu 
untie infection and the alleigic disturbances 

The clear elucidation of tlie ciiologic factors lesponsible for each and 
every case of hypertensive disease is most imjxjriaiu to the inielligeni 
and effective treatment thereof foi ciirxtivc ilierapcutics depends greiilv 
upon etiology It is frequently i/npowibJc to do more than detennine the 
fnobable causative influences but to say that hypertension is wiihout 
cause because tlie causes aie obscuie is to beg tlie question There ire 
many known factors and piobably many more which we do not as vet 
wlioJJy recogni7e It is not necessary that these iiritating influences be 
active throughout the com sc of the disease for once staitcd the processes 
of hypertensive disease continue under the impetus of tlic perpetuating 
factors 

Of the many souiccs of artenaJ irritation certain factors stand out 
conspicuously because of the frequency with which they are met with 
111 clinical practice These may perhaps be best presented in tabular 
form 
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must be appraised individuall), both quant^tati^el> and qualitatixcl) 
Fe^eT may be a defense mechanism in infection, but h>perp)rc\ia may 
t\ell be fatal. It w charactensUc of biologic reactions in general that 
tesfjonse to siinudation u iij excess of requirements. Otercompensation 
IS therefore the rule rather than the exception. H)pertcnsion arises as 
a result of constrictor stimulation of die arterioles, the reaction of hs j>cr- 
tonicit) or spasdeitj of the arteriolar mnsailainrc is one of oserconipcn 
sation. This particular reaction differs from most others, houeser, in 
that It does not tend to cease tviih the termination of stimulation. When 
the necessity for feter as defense mechanism against infection is over, the 
temperature falls to normal; uhen the arteriolar irritation which initiates 
hypertension ceases the arterioles tend to remain spistic. Apparently 
arteriolar hypertonia lowers the threshold of stimulation requisite to 
cause further contraction and thus is progressive. This progression of 
hypertension is usually slow', but extremely persistent. 

AVith moderate hypertension the patient is not particularly jeopar- 
dized and active therapy would be largely unnecessary were it not fni 
this intrinsic characteristic of constant progression with ultimate degen- 
eration of the vessel walls. Excessive elevation of the arterial tension is 
frankly precarious Thus the duration of the liypcrtcnslon and of the 
factors which cause it to arise arc most significani. 

ETIOLOGY 

The causation of anything involves three major categories of eiiologir 
factors' (i) Predisjwsing; {2) Provoking, and (3) Perfietualing influ 
eiices Tliese may vary-grealU in relative importance in tliffcrcm diseases 
and in different instances of the same disease, but tliey arc, ncvcrihclcvs. 
invariably involved For example, in acute contagious diseases tlie pio 
voking causes, which include the invasion of specific pathogenic oig;inisnis 
and the predisposing cause of lowered resistcncc of the host, are more 
significant than .my perpetuating factors On the other hand, in tlic 
instance of cancer, the predisposing vulnerability of ilic Individinl and 
ihe fjowerful, though unexplained, |>crj>cttiating growth factors are more 
vital than the provoking or initiating irritants. 

The etiology of hypertensive arterial disease is cspeciallv tUfficult of 
discoverv because of the imihipHciiy of factors involved, because tlie 
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sloA\ nnd isjmptomatic early course delays dtscorery of the disease until 
afiei certain initiating factors hate ceased to be operatite and because 
each and every case of the disorder presents a different and inditidual 
problem Typhoid fever is always due to the typhoid bacillus and small 
pox to Its same specific virus Hypertensive disease may be initiated by a 
great many different factois and no two cases present the same eiiologic 
background Those who seek the cause of hypeitcnsive disease aie 
doomed to disappointment it is only by recognizing the fundimeiual 
principle that there are many causes that we can hope to progress in our 
knowledge The provoking etiology of hypeitension may be defined as 
anything which ovei a long period of time irritates the arterioles of i 
vulnerable individual Such a deriniiion obviously requires amplifica 
tion but It reveals two essential characteristics The importance of duia 
tion and the significant role of vulnerability The fact that hypeitension 
arises is in itself evidence of inherent vulnerability oi susceptibihtv fui 
the same sources of vascular irritation may not induce the disordei in 
another person Hypertension is frequently familial and hereditary fac 
tots ate being incieasingly emphasized The importance of constitutional 
vulnerability is recognized in many other diseases notably in hypcithv 
loidism cholecystitis and cholelithiasis migraine mental disease iheu 
untie jufectiou aud the allerg^ic disturbances 

The clear elucidation of tlie ctiologic factors responsible for each and 
every case of hypertensive disease is most important to the intelhgem 
and effective treatment thereof for curative therapeutics depends gieatly 
upon etiology It is frequently impossible to do moie than determine tlic 
/nobable causative influences but to say that hyjiertension is without 
cause benijse rJie causes arc obsciwe is ro bqf ihe quesuon There are 
many known factors and probably many more which we do not as vet 
wholly recogm/e li is not necessary that these irritating influences he 
active throughout the course of the disease for once slaued tlie processes 
of hypertensive disease contimie under the impetus of the peipctuating 
factors 

Of the many soinces of arieiial imtation ceitain factors stand out 
conspicuously because of the frequency vvitli which they are met with 
in clinical practice These may perhaps be best presented in tabulai 
form 
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TABLE OF ETIOLOGIC FACTORS IN ARTERIAL HYPERTENSION 
I Predisposing Factors (constitutional in ongin) 

^ Hereditary ^’ulne^ablhly (often repealed in famdy history) 

] Diminished endurance of T-asailar structures. 

2 Premature senescence 

3 Hyperactixit) of the sympathetic ner\ous s)stem 

4 Habitual Tsomer (sery characteristic) 

0 Sthenic physique 

B Constitutional endocnnopathies 

1 Th)roto\ic constitution (underweight) 

2 Diabetic constitution (oienveight) 

3 Virilescence 

C Anatomic anomalies (rare) 

II PRO\OkiNC Factors (initiating) 

A Intoxications 

1 Endogenous m origin 

a Metabolic 

(1) Fatigue (\ery significant) 

(2) Incomplete protein cleasage (allergic’) 

(3) Endocrine dysfunctions 

(а) Hypocalcemia (paradnroids’) 

(б) Osanan disfunction (climacteric) 

(c) Hyperepinephrinemia (ndrcnal 

mediillaTy tumors \er> rare) 

(d) Pituiiars basophilism 

(c) ThyTOiOMcosis (chiefly sjstolic) 

(4) Pregnancy 0 
(d) Nephntis 

(ii) Accumulation of metabolic debris, 
(h) Reflex (?) 

(c) Specific hormone 

b Anemia 

(1) Tissue asphyxia (’) 

(2) Histanoxia nersous centers. 

2 Exogenous in origin 

a Aletalhc poisons (Hg As Pb Cu etc) 
b Alcohol and tobacco (ser\ questionablj) 
c Dietary imbalance 

(1) Excesses of condiments. 

(2) Excesses of salt 

(3) Excesses of protein (rarel) qucsuonable) 

(4) Inadequate fluid intake (frequent) 
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B Infections 

1 Focal infections (\ery frequent) 

2 Generalized infections (espeaall) influenza and typhoid 

fe\er) 

3 Sjphihs (\er) rarelj) 

C Neurologic factors 

1 Increased intracranial pressure (tumors) 

2 WojT) and nervous fatigue 

3 Psychoses 

III Pfrpetuating Factors 

A Intrinsic in pathogenesis 

B Constitutional \ulnenbilit> continues Exacerbation from many 

sources 

C Impairment renal arailation 

This table is by no means a complete list of all the possible significant 
etiologic factors bi i jt serves to suggest the type of search necessary to 
illumimie the etiologic diagnosis of any specific instance of hypertensive 
disease In individual instances of the disease several factors are usualK 
superimposed as for example multiple vascular insults from onl sepsis 
mild chronic plumbism and continued anxiety The role of psychic 
disturbances m the etiology of hypertension is discussed m Chapter 
\L\ III 

As logical curative therapy must be based u;>on etiology cognizance 
of the etiologic picture is essential to proper therapy Many of tliese 
factors are amenable to therapeutic correction others are not Mahd 
justment of the diet foci of infection anemia certain endocrine disturb 
ances and exogenous intoMcatioiis are amenable Hereditary predisposi 
non permanent renal impairment or past infections with permanent 
sequelae are ineparable and irrevocable Tliese aspects of the etiologic 
picture are significant tn evaluating the prognosis 

Perhaps specific illustrative case examples may serve to fuuhcr clarify 
the euologic problems 

Case ExAVirtr Mr F S ageil 53 battery worker and clironic alco- 
holic Complained of lieadache blurring of vision loss of appetite and 
some unsteadiness of gait Two acute attacks of lead colic in the past 
ten vears Mamet! 20 \ears wife pregnant three times but all infants 
stillborn Physical findings included pallor gross oral sepsis and gmgi 
Mtis dilation of aortic knob and loudly ringing aortic second sounl 
Neuritis m the upj>cr exircimtics \rterial tension 240/122 Hcnio<,Iobin 
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64 per cent Traces of albumin in unne and relatne fixation of speafic 
gravit) sMth a maximum of 1 018 on the renal concentration test Familj 
histor) unknotvn 

Etiologic impression 

1 Chronic plumbism 

2 Anemia 

3 Oral sepsis 

4 Secondary chronic renal impairment 

Specific ctiologic therap) possible because of these data 

Case Exajiple Mrs E W aged 20 Four months pregnant svitli 
first pregnancy at first prenatal examination Arterial tension 170/110 
pulse 76 Heart apparently normal Moderate anemia History of sesere 
scarlet feser as a child knew of no nephritis Family history negatne 
Clinical renal function studies resealed extensile renal functional im 
pairment, 

Etiologic impression 

1 Chronic post scarlet fescr nephritis 

2 Preexistent hyperiensue disease exacerbated by pregnancy 5 

3 Anemia. 

Therapy suggested by these impressions 

1 Termination of pregnanes before l^Te^ocabIe damage is done 

by the pregnancy 

2 Antianemic therapy 

Case Example Mrs C C aged 60 housewife four pregnancies 
Oierweight Complaints due to early cardiac decompensation Very low 
fluid intake for several years for cosmetic reasons — pedal edema from \ari 
cose %eins Unesenlful climacteric at 48 Family history repealed two 
instances of apoplexy one of conjcsiivc heart failure one of angina 
pectoris ts\o diabetics and one pneumonia death in her own and previous 
generation Recent sesere anxiety and insomnia during care of her luis 
band following crushing injuries in automobile acadeni Economic strain 
since Ins death An habitual worrier as tsere all her family lllooti nor 
mal and no appreaable impairment of renal function Amyl nitrite test 
rescaled that hypertension was almost svholly sjiasiic and therefore pre 
sumabh rather recent 

Etiologic impression 

1 Hereditars \xilneiability to s’ascular disease 

2 Obesits 

3 Anxiety 

4 Fatigue 

5 Inadequate fluid intake 
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rhcjap) suggested by these data 

1 Increased fluid intake 

2 Rest and reassurance of anxiet) 

3 Judicious application of sedatives 

4 eight reduction program 

Case Example A woman aged aO complained for several jears of 
sour stomach and excessive belching particular!) after heavy meals 
Two years ago she developed some edema of the ankles and paroxysms 
of dyspnea unassociated with exertion Hei blood pressure then was 
observed at 130/90 For these last two years she complained of attacks 
consisting of epigastric distress dvspnea heart consciousness headache 
and vertigo Ihcse attacks were becoming increasingly frequent and 
severe Observation of her arterial tension between attacks showed mod 
crate elevation (neighborhood of 160/100) but durttig her episodes of 
weak spells readings of 250/130 280/160 and 220/130 were obtained 
Her pulse was rapid The heart was not enlarged urinary findings nor 
ma! Continued observation in the hospital showed furtlicr violent and 
excessive fluctuations m her blood pressure Cholecystitis was the diag 
nosis of her longstanding indigestion and medullary tumor of the 
adrenal was suspected as being responsible for her typically {aioxysmal 
hypertension Before operation was accomplished the patient died of 
cerebral apoplexy A large medullary adenoma of the left adrenal was 
found at autopsy as well as a purulent gallbladder 

These feiv cases ihuscrafe typical proMetrrs eticocrritered tri chntctl 
practice and serve to empfnsize the importance of etiologic diagnosis to 
logical therapy It is not the intention to imply that the therapy suggested 
by the etiologic impressions is the only treatment but tint these specific 
measures are significant We iiuisl coiisianUy keep in mind that tlic 
presence of hypertensive disease implies vulnerability to arteriolar excita 
tion and thar tJjerefore recurrences and exacerbations may arise from 
a great many provocative influences One set of provoking circumstances 
may be controlled when a new etiologic factor starts an acute inaease 
in the generalized arteriolar constriction We must tJierefore be con 
stantly aleit for new sources of vascular injury 

PATHOGENESIS 

Hypertensive aiterial disease invariably starts with a continuation of 
transient arterial Iiypertonia As vve have just seen the increase in arte 
riolar tone may result from anything whicli stimulates or irritates the 
arteriolar musculature in a vulnerable individual for any length of time 
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If the irritation is relati\el> persistent, continuous hjpcrtonia results and 
h>pertroph> of the media! muscle tissue follows as the first step of h>per- 
tensive disease. If the irritation be but briellj transient and the individual 
not constitutional!) vulnerable, a teinporar)’ state of h)|)eriension uiJI 
arise, to be followed b) return to more normal circulator)’ conditions 
after the subsidence of the irritation. Continuous constriction leads to 
the muscular h)pertroph> as a result of the increased work of the muscle 
cells. ^Vith h)pertroph) the same degree of stimulation produces an 
exaggerated response and the icndenc)* to h)pcrtDnia becomes more ami 
more a fixed habit. Prolonged continuous spasticii) results in fatigue of 
the muscle fibers This renders them lijperirritabic. Fatigue, up to a 
certain though ill-defincd point, reduces the threshold to stimulation 
and there results a vicious circle. Spasticit) causes fatigue and fatigue 
encourages further spasticit). Fatigue must not be confused with exhaus- 
tion, where response to stimulation diminishes or ceases altogether. 
Changes in lactic acid content and other chemical imbalances contribute 
to die chronic fatigue of the muscle cells. This vicious circle is cxtrcmcl) 
significant as a perpetuating factor in h)pcrtensive disease for it explains, 
in part at least, the tenclenc)* to continuous gradual jirogrcssion of the 
disturbance even though the original provocations have ceased to exist. 

^Vith the persistence of h)pcrtonia over a long period of time ()ears) , 
certain arteriolar muscle fibers become exhausted. Fxhausuon and the 
subsequent degeneration of these scattered cells permits of their replace- 
ment by collagenic connective tissue. Tins fibrosis is not an invasive or 
aggressive process on the part of the connective tissue, but a pcrfectl) 
normal response to parenclr)mal degeneration an)vvherc in the bod). 
The gradual replacement of the muscular tissue through fibrosis iin) 
well be considered a protective mechanism by which the weakened arte 
nolar walls .are being strengilicned l») the scaffolding of collagenic filwrs. 
Continuation of these changes insidioiisl) leads to .arteriolarsclerosis. the 
end point in the pathogenesis of h)pcricnsivc arterial disease. It usuallv 
requires man) )cars before such aricriolarsclerosis becomes extensive. 

The functional and anatomic cliangcs in the arteriolar media bricll) 
described above arc perhaps better vismlircd bv siiidv of the diagram in 
Figure i. This concept of the pathogenesis of h)perien$ivc disease'^ has 
proven to be a most useful working hjpoihesis for it offers the pragmatic 
advantages of unit), simplicil) and praciicahilitv in cxphining all the 
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VTiried and often conflicting information anent the physiologic changes 
of this disease 

The essence of this concept of pathogenesis in nowise conflicts with 
the new and stimulating work of Goldblatt and his colhbontorsO which 
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Figure 1 Diagnm of ilic jwihogcncsis of h)pericasnc arttrial di«a« Shadcil 
frames represent ihc irresocable anatomic changes and the siaoiis circle nhich is lirgel> 
responsible for tbe perpetuation nml progression of the disorder Sicps 1 to 7 are resemble 
and amcmble to conxction steps 8 to II arc irrctersiblc and penmnciii (Uodi/icrf frtnii 
Reference 3 ) 


Ins retmplnsized the role of ilic kidiiep in tJic ciusnuon of hypertensjon 
If reml ischemn or Instmoxia is an exciting cause of generalized arte 
riohr constriction, as the experimental data indtoite, then the concept 
of 1 Mcious circle whicli pcrpetinies the disorder is confirmed for the 
greater the constriction of the renal nrteries the poorer is the reml cir 
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ailaijon, nhcrcas, incrc.ise in die proximal arterial tension nilJ tend to 
oxercome this hisianoxia Tlie relationship of renal disease to hyperten- 
sion IS tuofold; renal impairment may cause hypertension, though the 
mechanism by sshich tins is brought about is not clear, and also, hyper- 
tension due to arteriolar constriction adtersely affects the renal functional 
efficiency." 

The pathogenesis explains many clinical phenomena. It elucidates 
sshy the prosoking etiology may be any prolonged arteriolar irritation; 
the consequences uiH be the same. It lends tsefght and logically explains 
the clinical fact that durn/ion of such irritation is of csen greater sig- 
nificance than the intensity thereof. Acute nephritis svith hypertension 
may result in medial thickening, but if the intoxication subsides protnpth 
this hypertrophy recedes S It is esident from the diagram that the disease 
does not become self perj>etuating until arteriolar fatigue becomes 
iiuolsed and fatigue implies prolonged hypertonia. Prior to steps G and 7 
m the diagram the processes are rescrsible; beyond that, irrcseisihlc 
and irreparable Hypertensire disease is progres-siie. There is no tend- 
ency to spontaneous remission.*’ Development is slow, hut cmplniically 
persistent The vicious circle of the pathogenesis reveals v\hv this is so. 
Recogmtton of this factor in thcrapeitiic management is essential; pro 
longed arteriolar rest is the only answer 10 die important element of 
medial muscular fatigue 

Tlie rate and distribution of arteriolar degeneration varies greatly' in 
different individuals The successive phases are the same, however. 
Fxiremel) rapid piogression is observcfl in socalled "malignant hyj>er- 
tension " This differs from the commoner hypertensive disease only 
quantitatively, not qualitaiiv'cly, for the ctiologv, pathogenesis and pathol- 
ogy are the same. Only the rate of progression is greatly acceleralcxl; 
severe arteriokirsclerosis may manifest itself in one to 'Ihrcc years after 
the onset in contrast to the usual jicriod of lo to 20 yc.^^s. The precise 
reasons for this variation in rate are unknown, but apfwremly the chief 
variant is tliat undefinable something: Susceptibility or intrinsic vnlncr- 
ability. Youth is also a factor, for as a rule the greater the age at the time 
of onset the slozcer is the (irogresswn. Tliis dictum is equally applicable 
to many other geriatric or degenerative diseases such as gout, dialictcs 
and m.align.am neoplasmaia 
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The explanation of the arteriolar degeneration proceeds at dif 
ferent rates in \anous parts of the bod> is also obscure Certain areas 
appear to be sites of predilection touard more rapid artenolarsclerosis 
The renal vessels are almost invariabl> involved The arterioles of the 
spleen pancreas and brain are involved with diminishing freqiienc> and 
intensit) in the order named Thus there maj arise man) diverse s)n 
dromes depending upon the site of greater arteriolar impairment despite 
the fact that a common and basic pathogenesis occurs in all instances 
The clinical symptomatology depends not upon the h)pertension per se 
but upon the local histanoxia Symptoms arise from the circulatory fail 
lire of this or that structure and the symptoms will depend upon which 
structure is most affected and how rapidly the ischemia is brought about 
It IS both illogical and unnecessary to assume that the many divergent 
syndromes represent separate entities Hypertensive disease has clinical 
unity in its pathogenesis 

The Stscfs of Hvpertensive Disease 


Stage 

Cltntcal Phtnomtna 

Steps in 
Pathogenesis 
(Figure /) 

Palhologs 

1 Potential 
stage 

Undue lability fit the arterial 

1 tension excessi\ere«pon«eto 
stimulation , 

Steps 1 «, 2 

None 

2 Spastic stige 

Continuous but \amble hy 
pertension lal ility still 
marted tensonmaj bef^rt | 
reduced by vasodila | 
tor drugs 

Steps 2 to 7 

Hypertrophy of netivl nus 
ctes of arterioles 

3 Intermediate 
stage 

Diastolic tension more and 
more persistently elevatetl 

1 lability diminished hyperten 
^ eian due la part to hyper 
tonia and in part to sclerotic 
narrowing 

Steps 3 lo 
10 

Degeneration of media and re 
placement fil rosis m some 
arterioles (hinges unequally 
d stnbutcd th evening and 
fibres s of intima with some 
permanent narrowing of ves 
scU medial hypertrophv con 
linued 

4 Srlerotic 
stage 

^ Uuistolic tension c]Uile rigid 

1 and high secondiry symp- 
toms failure of t'arious organs 
(luctoloralliistanoxu sclero 
SIS Visible in retinal vessels 
no longer amenable toiheraj^ 

Steps 6 to 
11 

More generalize*! but still van 
ablearteriohrscJcrPsJs and en 
darteritic intimal fifrosi 
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Stages of Hypertensive Disease Inspection of the diagram of the 
pathogenesis of hypertensive disease reveals hoiv and v\h> the disorder 
gradually passes through various stages to the ultimate phases of general 
ized artenolarsclerosis Clinically the course of the disease is clearly divis 
ible into four stages These correspond closely to the pathogenetic phases 
and like the latter tend to overlap The continuous piogression preients 
sharp demarcation but they are nevertheless clinically distinguishable 
They may be correlated as shonn on previous page 

In the first stage the clinical and physiologic phenomena are primarily 
those of increased vulnerability and an unstable vasomotor equilibrium 
The arterial tension is unduly variable rising excessively upon a great 
variety of stimuli but promptly returning to normal levels upon cessation 
of the stimulation Exaggerated emotional fluctuations are notable lO 
Numerous attempts have been made to devise a test procedure with vvhich 
one could compare the vaisoconsirictor responses to a standardizablc stun 
ulus It remained for Hines and Brownii to first apply cold as the 
stimulus Tlie Cold Pressor Test has proven of immense value in reveal 
mg those persons with exaggerated responses whom we may well consider 
as unduly vulnerable to hypertensive disease Such forewarning is of 
immeasurable service m prophylaxis It has been observed iliat exagger 
ated responses are far more frequent m children with normal blood 
pressures when one or both parents arc hypertensive than in apparently 
similar children without such hereditary characteristics 12 la Similarly 
application of this test to pregnant vvomenJ-l yields significant informa 
tion forevrarning of later toxemia In order that all tlie data be com 
parable it is essential that the technic of the test be carried out m an 
identical manner The lechmc as devised and recommended by Hines 
and Brown 15 is tlierefore given in some detail 

Cold Pressor Test The patient is allovved to rest in a supine posi 
non for about a lialf an hour Se»cra! detcrminalions of the arterial 
tension are made to obtain a basal level With the patient still supine 
and with the sphygmomanomcler cuff still on one arm the opjjosilc hand 
and wrist are immersed In ice water (4 0® C — 39® F) for exactly one 
minute The arterial tension is determined at 30 and CO sctoiuls after 
the immersion starts and every minute after the removal of the other 
hand from die ice water until the tension Ins readied its previous basal 
level 
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In normal indi\iduals a nse of 8 to lo mm in both the sjstohc and 
diastolic tensions is to be expected In those persons uith potential 
hypertension the rise is about 30 and '•o mm respectisely a similar rise 
IS obser\ed m those t\ith hypertensise disease m tlie spastic stage In 
hypertensi\e patients asith extensue artenolarsclerosis the response is 
proportionately less depending upon the rigidity of the \essels 

The later stages of hypertensite disease require but little further 
explanation As hypertonia becomes more and more continuous tlie 
medial musculature hypertrophies Mere eradication of the pro\oking 
etiologic factors at this stage does not sufTicc in arresting the progression 
for Uie perpetuating factors are nou operatise \naiomic degenerause 
clianges are insidious The arterioles slowly become fibrotic and thus lose 
their posver of independent contraction and relaxation This transition 
IS extiemely slow and does not proceed uniformly throughout the bods 
Thus there is a long transitional or intermediate period in is Inch botli 
spasticity and aiieriolarsclerosis contribute to die hypertension In the 
last stage the changes are permanent irrevocable and nonamenable to 
therapeutic correction 

PATHOLOGY 

The anatomic pathologic changes of hypertensive arterial disease are 
the result rather than the cause of the hypertension They are consequent 
to the wear and tear of hypertonia Artenolarsclerosis follows arteriolar 
spasm as a degenerative lesion but is not due meiely to the increased 
pressure of the blood for tJiese changes do not appear in the small vessels 
of the arms and upper chest in cases of coarctation of the aorta despite 
the long continued high blood piessurc The difference lies in the fact 
that in coarctation there is no mlertolar hypeiioma The fibrosis of 
sclerosis is not an aggressiv e phenomenon There is no inv asion of normal 
muscle tissue by colhgenic connective tissue Artenolarsclerosis is best 
appreciated if considered as a compensatory scarring following smooth 
muscle exliaustion and degeneration The medial hypertropliy of the 
spastic stage has been fully described i*' 

Renal injury is not invariably notable even m extreme instances of 
hypertensive disease Renal disease may or may not be associated wadi 
arterial disease \\ hen hypertension does occur with nephritis the arterial 
changes arc of die same character as in those instances apparently free 
of renal disorder is The changes observed in parenchymatous organs 
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such as Uie brain, kidneys, pancreas, and the like, arc those due to locall> 
impaired circulation and nutrition 

Arterial hjpertension exacerbates and accelerates the degenerative 
changes of arteriosclerosis in the Jaiger vessels.io but does not initiate 
them Hypertensive arterial disease is a disorder of the smaller arteries 
and arterioles whereas arteriosclerosis, involving the larger vessels, is an 
entirely different entity Extreme arteriosclerosis can, and often does, 
exist with a perfectly normal level of blood pressure 

CONSEQUENCES OF HYPERTENSION 
Most characteristic of the early course of hypertensive disease is the 
absence of subjective symptoms The rise m arterial tension over a period 
of years is so gradual that compensation and readjustment keeps pace 
with the circulatory changes It is remarkable that an individual mav 
live for several years with a blood pressure of perhaps twice the normal 
level and yet not be aware of it TJiere is no sensory mechanism to 
inform us directly of the stale of the arterial tension This asymptomatic 
early course is indubitably responsible for the frequency with winch early 
hypertensive disease is neglected Those disorders which "hurt” receive 
prompt allention, Uiose which do not either remain undiscovered for 
some time or the patient procrastinates to his own deinment 

Although subjective complaints are notably absent, objective evidence 
of both the hypertension and of physical depreciation is there for all those 
willing to take the trouble to look for it The injury to the vital stnic 
lures results from the gradually increasing histanoxia and malnutrition 
of the parenchymatous tissues As previously stated, the location and 
intensity of localized arculatory embarrassment due to arteriolar narrow 
ing varies greatly in different persons Thus the symptoms and clinical 
phenomena will also vary widely, depending upon what tissues are suffer 
ing the most from histanoxia and how acutely this has come about 
The consequences of hypertensive disease may be broadly grouped 
under two major categories (i) Tlie sequelae of chronic and accumiila 
tive histanoxia and (2) those episodes or syndromes due to acute and 
abrupt interference with local circulation Among the latter are included 
such dramatic consequences as apoplexy, coronary occlusion and myocar 
dial infarction, retinal hemorrhages, angina pectoris and the acute epi 
sodes of ‘ cerebral vascular spasm ’ Congestive heart failure is borderline 
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between the two citegones for in hypertensive disease it is dependent 
upon the slow and accumuHuve depreaatioii of lescrve which precedes 
die fiml acute decompensation Theie is relatively little difficulty in 
recognizing the acute consequence but tlie depreciation which piccedes 
them is occult and insidious This depletion of reserve must be searched 
for 

Diagnosis to be adequate and comprehensive must include considera 
non of the etiology of the disorder the nature of the pathologic lesion 
and the extent of junctional imfiairnieni Diagnosis therefore involves 
quantitative as well as qualitative evaluations In some disorders such 
as diabetes melhtus and to a lesser degree hyperthyxoidism precise 
qiiantiLative diagnosis has proven to be of such immense practical then 
peutic value that it is lequisiie to fully effective management In hyper 
tensive disease determination of the functional impairment of the two 
most frequently injured structures the heart and kidneys is not as math 
cmatically precise Hut neither is tins as necessary as with diabetes 

The heart and kidneys like all other structures of tlie body have a 
large functional reserve for meeting the demands of augmented labor 
under stress conditions This reserve is gradually almost imperceptibly 
depleted as we grow older both through the normal processes of senes 
cence and through the innumerable insults of infections intoxications 
and the like Hypertensive disease greatly accelerates this depreciation 
Depletion of the cardiac reserve is largely asymptomatic until some undue 
exeition reveals the narro ving margin of sifety Dyspnea on effort is 
evidence of cardiac ineffectiveness but only when the effort is unduly 
small It is quite normal for dyspnea to follow excessive or violent 
exertion the significant criterion of diminishing reserve is the fact tint 
less and less effort is necessary to induce dyspnea In frank cardiac deconi 
pensation dyspnea occurs with the exertions of mere existence even at 
rest A parallel but much less conspicuously manifest situation exists 
in the depletion of the renal functional reserve Depreciation of the 
renal reserve is asymptomatic until the excretory effectiveness falls below 
the requirement Then renal decompensation or uremia occurs The 
insidiousness of the renal functional reserve depletion is accentuated h) 
the fact that the functional burdens of the kidnev are much more constant 
than those of the heart The cardiac burden fluctuates widely during 
die course of a normal day the kidnev s burden only slightly It ts only 
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Wider conditwiis of stress that the earlier depreciation of functional 
reserve are detectable This is equally applicable to the cipacity of die 
heart, kidneys an automobile or a bank Thus stress tests ^vluch 
impose a greater burden upon the functioning structure, are die most 
sensitive m detecting early reduction of reserve In evaluating kidney 
injury, stress tests of renal function are often the only way in which early 
reduction of the renal reserve can be discovered 

The commoner symptoms of hypertensive disease may be grouped 
into three divisions (i) Those referable to cardiac impairment (2) 
those resulting from malcircuhtioii and Instanoxia of the nervous system 
and (3) those arising from renal failure 

CARDIAC SYMPTOMS 

It is justifiable to assume a prion, that m every instance of prolonged 
hypertensive disease some degree of cardiac involvement occurs The 
causes of this cardiac injury act synergistically The myocardium is 
injured by histano\ia due to arteriolar narrowing as are all the tissues 
of the body In addition to this the heart is the only structure of which 
is demanded an ever increasing amount of work during the progression 
of this disease The higher the peripheral resistance (diastolic tension) 
the greater the cardiac work The magnitude of this increase 111 work 
is further enhanced by the fact that whenever the diastolic tension rises 
the pulse pressure increases proportionately 

Hypertensive disease is a disease of the medial musculature of arterial 
structures and as the myocardium is medial musculature embryonically 
anatomically and functionally it is thus vulnerable to and subjected to 
the same sources of injury which provoke and perpetuate the arteriolar 
damage Furthermore hypertensive disease is ordinarily a disorder of 
middle or later life when recuperative and reparative potentialities are 
weakened and when the acaimnlative injuries from previous infections 
intoxications and the other viassitudes of existence have left impercep 
tible but indelible effects on the rayocarduiin Coincident anemia or 
anoxemia greatly increases the insult to the myocardium The rate of 
coronary circulation is m a large measure dependent upon the diastolic 
tension The enormously greater left ventricular hypertrophy and dila 
tation observed m aortic regurgitation in contrast to that found in late 
hypertensive heart disease may ivelJ be due to the more severe depression 
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of coronar) blood flow in the former condition An> impairment in ihe 
utilization of glucose creates further m>ocnrdial damage for glucose com 
biistwij IS the imjor source of ciidnc enetg} **0 Tfiree equallj significant 
requisites for the proper creation of the kinetic energ) of the heart muscle 
are Ox)gen insulin and glucose A dearth of an^ one of this triad dis 
rupts the myocaidial catabolism disastrously The superimposition of all 
these \arious etiologic factors obMOusIy accounts for the unnersality of 
the cardiac damage in hypertension 

In uncomplicated hyperiensue heart disease the heart is at first 
slkemc later and finally flecomf?etisalcd unless some other catas 

trophe terminates life before the last stage is reached The sthenic phase 
arises during the earlier stages of hyperiensue disease uhen the cardiac 
uork has been augmented by the increased peripheral resistance but 
before there has occuned extensue myocardial injury from lustanoxia 
The increase in \igor is purely compensatory muscular deielopmeiit 
follows increased muscular work The compensatory reaction is cliancter 
isiicnlly in excess of requirements During this stage the heart is vigorous 
and strong there is no consciousness of any distress and the pulse is slow 
and regular There is no undue dyspnea upon exertion There is sitght 
left ventricular hypertrophy but no evidence of dilatation for the very 
gradual increase m the cardiac buiden encourages compensation without 
overstrain Electrocardiographic study commonly reveals only some left 
axis deviation and a slight prolongation of systole The pulse pressuie 
IS increased so long as the left ventricle retains a margin of reserve This 
increase in pulse pressure with a rising diastolic tension is a sound and 
useful physiologic criterion of myocardial reserve A falling systolic ten 
Sion in the presence of a sLationary or using diastolic tension {falling 
pulse pressure) is eMdence of a failing heart particuhrly if the pulse 
rate increases For example an arterial tension of 170/100 pulse 80 is 
indicative of better cardiac reserve than a blood pressuie of ijO/iOj 
During this long sthenic phase of cardiac change we cannot consider 
the lieart as truly diseased More nearly do tlie changes imply physiologic 
responses to increased effort winch are precursor to almost inevitable 
impairmeiu later Ultimately as the luitniioii of the myocardium 
becomes impaired and as the burden is furthei increased the comptn 
satory increased vigor is no longer able to keep pace The cardiac reserve 
chminisfics so slowly that the change from the sthtnic to ihe asthenic 
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stage IS almost imperceptible The pulse becomes more rapid At first 
this IS detectable onl) upon effort later esen at pliysical rest There 
ippears some left tentricular dilauon and frequentl) a soft blouing 
apical s>stolic murmur IS heard This is evidence of a relative mitral 
due to stretching of the mitral ring subsequent to the 
dilation D)spnea arises upon less and less effort the diminishing toler 
ance to exertion is commonl) the only subjective complaint at this stage 
The wishful thinking of the majorit) of patients causes them to attnbute 
their short wind to extraneous factors such as tobacco fatigue or being 
soft 

The intermediate asthenic stage of diminishing cardiac reserve merges 
b) undiscemible degrees from the sthemc stage on tlie one hand to 
frank cardiac decompensation on die oilier The asthenic stage ma^ 
persist for man) )ears before actual cardiac failure occurs and of course 
reappears after recover) from acme congestive decompensation The 
degree of reserve depreciation is extreme!) variable but the reduced 
functional capacit) is detectable b) stud)ing the response to increased 
effort Tfie earliest evidence of diminishing reserve is alwa)s elicited 
under stress 

The phenomena and die treatment of cardiac decompensation arc 
discussed elsewhere Similarl) angina pecions and coronar) occlusion 
and m)ocardial infarction are considered in otlicr cliapters Tliese latter 
icule conditions are not infrequent m h)periensive disease altliough the) 
do occur quite independeutl) thereof As has been stated previousl) 
arteriosclerosis and h)pertensive arteriolar disease are distinct clinical 
entities aldiough h)pertonia does accelente the degeneration of tlie 
larger vessels in arteriosclerosis 

NEUROLOGIC CONSEQUENCES 

The central nervous s)siem is particular!) vulnerable to arculatorv 
deficienc) and thus the neurologic consequences are the source of man) 
disturbing and serious s)niptonis These are extreniel) variable because 
of the high degree of functioml speaalization m the brain It is some- 
times extremel) difficult to correlate and place in proper sequence tlie 
cause and effect relationships between certain ps)chic and neurologic 
changes and hypertension Emotional stress fear anger and tlie like 
normall) cause upv nrd fluctuations of the arterial tension of considerable 
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magnitude These fluctuations arc exa^eratcd in li)peitensue indiiid 
uals Some of tliese relationships are discussed elsewhere but i feu 
significant aspects uanant mention here 

There is a distinctive and char icteristic hypertensive personality i 
These people are active aggressive and entluisiastic TJiey are forceful 
decisive and usually intensely ambitious with a singleness of purpose 
which frequently leads to eminent success m their chosen careers 
although this may he purchased at extravagant prices in physical depre 
ciation These personalities resent delay and inactivity To wait is totally 
foreign to their instincts When things go wrong they are im/jatient 
to be doing something Their relentless driving force is a potent factor 
inhibiting calm and analytical adaptation they try to reconstruct their 
environment to their objectives rather than reconcile tfiemsehes to their 
environment Restraint in physical activity is irksome and usually aiouses 
resentment This creates a real and often jierplexing }>roblem m tlien 
peutic management 

Concentration and coiuiimed thiought is difliciilt for hypciteiisive 
patients Mental efiiciency is often impaired by constant restlessness and 
nimble gymnastics of thought The effort of sustained mental work thus 
frequently becomes increasingly fatiguing They frequently exhibit a 
shortened explosive temjier which with increased vigor and dynamic 
restlessness adds to their tendency to habitual emotional turbulence 
but tlie most significant and constant personality traits m hypertensive 
persons is an exaggerated sense of responsibility and habitual v orrv 
They appear to seek responsibilities and are constantly oppressed with 
anxiety concerning the wisdom of their deasions or the tragedies of 
others Apprehension aiient their own health is exceptional for these 
people with all tlieir intensity and drive are more of the nature of 
extroverts than intiospectue 

Perhaps it is significant that these jisychic characteristics all contribute 
toward nervous fatigue Sucli faii„iie of the higher centers may possiblv 
be a potent factor in the pei jietinlion of die processes of hypertensive 
disease hether the circulatory unbalance is responsible for these per 
sonality traits or whether the personality predisposes to liypeitciisive 
disease ire open questions It is quite logical however to consider that 
the relationship niav be mutua! and iccipiocal operating as a vicious 
circle The typical personality jiattcin explains uhv hypertensive disease 
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-ippears to be so often selectue of particular!) useful valuable and ener 
getic members of tiie communit) This pattern is not of course an 
in\arnble concomitant of hypertensue disease but it occurs uith suffi 
cient frequency to tvarrmt emphasis Hypertension may appear though 
rarely does in phlegmatic and indolent personalities 

The chronic neurologic symptoms of hypertensis e disease are so nearly 
identical to the phenomena obser\ed in senility that we may consider 
the chronic cerebral dianges as paralleling those of premature or accel 
erited senescence Garrulousness insomnia impairment of memory a 
slou coarse tremor and dull morning headaclie are frequent The impair 
ment of memory as in the senile is most marked for recent esents 
Insomnia is often an annoying feature principally manifest by difficulty 
in getting to sleep The morning headache accentuates the sense of 
fatigue on arising these patients do not feel rested The headaclie is 
usinlly transient disappearing upon activity These phenomena are often 
much diminished by improi ement of the cerebral circulation Histanoxia 
of the cerebral and medullary centers will produce the same changes and 
symptoms whether the ischemia be due to arteriolar constriction (hyper 
tension) arterial narrowing (arteriosclerosis) or anoxemia (anemia or 
relame hypotension) 

Acute and/or transient symptoms arise from acme circulatory clianges 
Where the margin of safety is greatly narrowed relamely minor devia 
tions may precipitate symptoms Either acute spastic constriction of 
groups of arterioles or a general fall in the arterial tension to a point 
below that required to maintain an adequate cerebral circulation (rela 
ti\e hypotension) wall be followed by a great sariety of neurologic symp 
toms In relative hypotension Uie pressure may still be above the usual 
normal levels although invariably lower than the habitual level of 
the individual patient 

The results of vascular spasms or of uncompensated abrupt falls in 
the arterial tension will depend upon the size of the area most involved 
the duration of the spasm or fall tlie efficiency of the collateral circula 
tion and the previous state of nutrition of the tissues affected The con 
sequences of either cerebral spasm or relame hypotension are identical 
locally insufficient blood supply Diagnostic differentiation therefore 
depends upon secondary observations In cerebral vascular spasm the 
arterial tension is always excessively high whereas m relative hypotension 
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the pressure is reduced in contrast to previous levels If the previous 
hypertension is of unknown degree, one must rel> on other, less pnthog 
nomonic, evidences Arterial spasms are prone to occur in the spastic 
stage of the disease 

Relative hypotension, on the other hand, implies some degree of 
permanent artenolarsclerotic constiicuon of the cerebral vessels and 
therefore longstanding hypertensive disease The factors which induce 
the ‘attack aid in differential diagnosis (i) Cerebral vascular spasm 
IS likely to follow excitement, physical effort, digestion or fatigue, (2) 
relative hypotension is induced by excessive vasodilator medication, sleep 
narcosis, surgical shock anesthesia (especially spinal anesthesia) , coronary 
occlusion with myocardial infarction and the like Symptoms from rcla 
tne hypotension raiely arise unless the reduction in arterial tension is 
abrupt IT 

The symptoms may be sensory motor or psychic in character Motor 
disturbances are die most frequent Ataxia, motor aphasia monoplegia, 
hemiplegia, impaned deglutition and choreiform jei kings alarm both the 
patient and his family Att:icks of brief convulsions may be incoriectly 
ascribed to uremia Sensory svmptoms include transient and localized 
paresthesias, sensory aphasia, vertigo, amblyopia, amamosis, scotomata, 
tinnitus, paracusia and headache Disoiientation, confusion and a simu 
lation of paikinsonism may occur Aaite arteriosclerotic dementia may 
arise m hypertensive disease as well in senile cerebral arteriosclerosis 
The diagnostic problems are perhaps best clarified by illustrative actual 
cases 

Case Ex-vviple Mn C H, aged 70, housewife ^Vhile acinelv 
directing die actniCies of her maid during spring hotiscdcaning (he 
patient suddenly became confused and disoriented and coiuplainctl of 
iicmiparcstheua Anxiety and ireinulmisncss together wiiJi a sense of 
prostration caused her to sit dovsn rather awkwardly so that s!ie ftll from 
the chair Her family were convincetl sfie had siilTercd a ‘ siroke Exam 
inanon revealed a tall slender cldcth woman with poor color but no 
cyanosis JJrcailung was norma! 1 here was no loss of consciousness but 
great confusion and disoricniaiion Pulse was 78 regular, the second 
aortic sound was sbarjdy ringing and the arterial tension 210/150 On 
sublingual admmislration of 0 65 mg (^loo grain) nitroglycerol her 
confusion \amshcd almost at once, though she continued to complain of 
the unilateral parcsihcsia for some lioun Her arterial tension fell wuli 
the vasodilator medication to 160/100 Wall bed rest, ample fluids and 
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seclati\es her neurologic complaints completeU disappearetl and the 
arterial tension remained m the range from 160/100 to 180/110 This is 
a t\pical example of cerebral xascular spasm The patient li%cd to be 
74 d)ing of congestue heart failure 

Case Example Mr A 1‘ 61 professor H)pertension first disfo\ 
ered ten years pre\ioush An attack of influenza precipitaicd cardiac 
decompensation tMlh dyspnea cyanosis and dependent edema He became 
confused and disonented with delirium and continuous excitement This 
was uniinprotcd by sedatne medication with the opiates Dyspnea and 
orthopnea gradually were replaced by Cheyne Stokes respiration His 
confusion excitement and anorexia made feeding diffiailt ^\hen seen m 
consultation at this stage of affairs die patient was semi-comatose wholh 
disoriented aanotic and was exhibiting Cheyne Stokes respiration with 
30 second inienals of apnea His arterial tension was 160/110 pulse 130 
cardiac findings those of aaite dilatation and congestise failure Prior to 
his deaimpensation his blood pressure had been in the neigliborhood of 
*^20 123 according to the famiK who were most concerned with the mentil 
confusion Eye ground inspection resealed extensne artenohrsclerosis. 
Oxygen inhalation energetic digiiahzaiion and forced glucose feeding 
(by mouth) ultimately restored compensation TJie mental confusion 
abruptly terminated when bis blood pressure rose to 180/1 IS — and there 
were no further neurologic complaints thereafter The patient sunned 
one year succumbing to a repetition of the cardne failure This illus* 
irates some of the neurolc^ic manifestations from fairly prolonged rcla 
tne hypotension (due to mvocardial failure) in longstanding hyper 
tensne disease with arteriosclerosis 

The dranntic catastrophe of cerebral apoplexy in a piesiously appar 
ently well and s igoroiis person is equaled only by the similarly spectacular 
calamity of coronary occlusion and myocardial infarction The imme 
diate causes of apoplexy are cerebral hemorrhage embolism or throm 
bosis The predisposing causes arc llie chronic rascular diseases arterio- 
sclerosis and hypertensne arterial disease Most strokes arc not fatal 
although monoplegta or hemiplegia persists permanently Tlie paralysis 
IS at first flaccid later rigid There may be some contracture with the 
detelopment of muscular rigidity In the upper extremities contracture 
IS always flexor in the lower extremities it is extensor in type \poplex\ 
may recur seteral times either insohing different portions of the brain 
nr by new extensions of the old lesions The apoplectic mialid is often 
dreadfully helpless He lises in constant dread of sudden recurrence of 
his stroke 
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Circulatoi) injur) to ilie msuiI tppintus is \er) common in li)pcr 
tensne disease The more frequent complaints include general blurring 
of MSion scintillating scotoimti and transient ambl)opn Retinal hem 
orrhagcs may cause sudden and permanent unilateral blindness The 
retinal a essels are direcll) \ isible b) ophthalmoscopic evamination !• iindus 
evammation should be an integral part of the phjsical examination of 
all h)pertensi\e patients The pathogenesis of artenolarsclerosis ma) be 
thus directly obseraed and inaahiable prognostic and diagnostic infornn 
tion IS thus safel) and readil) atailable It must be recalled hm\e\er 
that the rate of progression of arienohr degeneration is not uniform 
throughout the bod) and therefore such data may mislead anent the 
aierage condition of the arterioles Generally the extent of retinal irtcrial 
change parallels die degree of cerebral aitenolarsclerosis This is not 
surprising ulien one recalls tint the retina is an integral part of the brain 
Lack of space forbids an) attempt to describe and/ or discuss the orciilai 
findiJigs37 in h)periensne disease 

RENAL CONSEQUENCES 

The recent and significant uork of Coldblatt and his collaboiaiorsf 
Ins stimulated a great deal of imestigation The whole problem of 
integrating renal disease and Iqpertension must be tieued from a new 
angle Tliese studies are exteiisnel) retiewcd elsewhere It appears that 
three t)pcs of relationships occur (i) Rena! injur) may cause hyper 
tension (2) hypertension may cause renal injury dirough parenchyma 
tons isdiemn and (3) botli the leiial and \ascular structures may be 
injured simultaneoiisl) (coincidenta!!)) ** The exact mechanisms by 
which renal anoxemia or histanoxia induce aucriolar hypertonia are not 
as yet understood but the most recent data-l point toward a chemical 
mediation in the process Ischemic renal tissue must lemain tn situ to 
induce the Inpertoiua The hypothetical pressor substance arising in 
asphyxiated renal tissue is remoted by normal renal secretion It cannot 
be otercmphasized that if these concepts are correct (as we have many 
leasons to believe) a potent perpetuatuig inlluencc is engendered winch 
may well account for the persistent prt^ression The greater the renal 
ischeimi the greater the gcneiation and/or liberation of the pressor 
mediator and the greater the renal aitenohr constriction with perpetua 
non and further aggravation of die renal histanoxia 
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Though our attention is now being focused upon the kidneys as 
etiologic agents in h>pertensne disease we must never lose sight of the 
fact that there are many other active provoking etiologic factors and that 
each and ever) case of the disease must be considered individually 
Extensive impairment of the renal functional efficiency is exceptional m 
hypertensive disease 3 ir Renal function tests usually reveal quite nor 
mal excretory rates although specific glomerular function studies'* o 23 *>4 
have revealed the fact that the glomerular reserve is definitely lowered 
Apparently the glomeruli must work at or near the peak of their func 
tional capacity most of the time Injury to the glomeruli interferes 
with filtration and secretion more than with the free flow of blood 25 
Renal function tests should be utilized in the study of every case of 
hypertensive disease Such tests need not involve either much equipment 
or expense Although no one test procedure yields all the information 
desiied ”3 it must be recalled that funclioml impairment of the kidney 
alaays involves both the tubules and the glomeruli Glomerular injury 
inevitably impairs the tubular blood supply tubular injury arises via 
the blood stream i Inch traverses the glomerular tufts before reaching the 
tubules Thus it is impossible for pure glomerular nephritis or pure 
tubular nephrosis to arise The functional impairment is always mixed 
although frequently the injury to tire one or the other structure pre 
dominates Therefore by tlie applicauon of one of the sensitive stress 
tests such as the urea concentration testae or the simpler and justly 
popular concentration test one may detect minor degrees of impairment 
and determine how much or little further study is desirable Perhaps the 
simplest and most satisfactory routine is that of Fishberg ‘*7 

Renal Concentration Test The patient receives no fluids or food 
aflei the vsiwal wipptt uwul the test vs cawvpietcd At 7 A m the pauewt 
voids and this speamen is discarded (this unne v as secreted dunng the 
night) At 8 A M 9a.m and 10 a m respectively separate speamens 
of urine are collected and marked with the hour of voiding The object 
of the test is to obtain speamens of urine as concentrated as possible after 
the body has been deprived of water for 14 to 16 hours It is not essential 
that the urine be voided exactly on the hour as long as the collections fall 
within the period of 8 to II A m 

The specific gravity of these specimens is then determined and the 
highest speafic gravity observed taken as a measure of the concentrating 
cipaaty ol the kidneys Noimall) at least one speamen is concentrated 



HYPERTIINSIVE \RTERIAL DISEASE 


1115 


to 1 025 or more The normal range is from 1 023 to 1 034 under iliesc 
standard conditions of relati\e dehydration The lotver the maximum 
speafic gravity die poorer the renal functional reserve Diuresis from 
subsiding edema failure to have die urine at 21” C {70” F) when the 
specific gravity is measured and excessive amounts of albumin m the 
unne are all sources of error which must be guarded against 23 

This IS the simplest of remi function tests It requires the minitnurn 
of laboratory equipment and skill It is readily applied in office practice 
and should become a routine office test at least in carchovascuhr renal 
problems Obviously there is no risk to the patient 

Other desirable renal function tests include the phenosuironephilnkin 
test, the Mosenthal concentration dilution test the urea clearance and 
inulin clearance The technics involved and the interpretations of the 
findings can not be discussed here 23 24 27 The application of such 
tests in the clinical problems of hypertension n illustrated by the follow 
ing case examples 

Case Example Dr \\ J aged 53 a practicing physician was first 
seen m January 1938 At that time he complained of undue dyspnea 
on minor effort and some oppressive cardiac consciousness He wats an 
habitual worrier His arterial tension was 204/HO in 1932 ii had been 
observed at 154/110 In 1928 he had passed a life insurance examina 
tion as a normal risk 
Diagnostic study (hospital) revealed 

Xray of Chest (two meter plate) Slight left ventriailar enlarge 
ment and prominent aortic knob C T ratio 12 per cent 
tleclTocardtogram Sinus meclianivin Regular rhythm Rate 05 
PR interval 0 16 second QRS interval 0 08 second QRS 
slurred m all leads Tj small and negative T^ and T 3 negative 
Moderate myocardial daiingc 
II asscTtnann Negative 
Blood Hb 97 4 (^cv^comcr) 

RBC 5 150 000 
\\ BC 9 200 
Stool Negative 
Unne No albumin or sugar 

Sediment No pus an occasional cast 
PhenoUuIfoncphthaletn 
60 minutes 

120 minutes 5% 
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Glomendar rttncUon Test (Sodium Fenoc>anide) 


30 minutes 

98% 

Normal 

15% 

60 minutes 

112% 

12% 

120 minutes 

8 4% 

10% 

180 minutes 

12 6% 

0% 

Total 

420% 

iJ7o 

Ma-<imum Rennl ConcerUratton (Fishberg) 1014 

1 014 
1020 

Urea Clearance 32 5cc (Standard) 


Inhalntion of Amyl Nttnte Causet! a fall of his arterial tension 

from 200/140 to I50/I05 
Diagnostic Impression 

1 Hypertensive disease m miermediatc stage 

(moderate sclerosis). 

2 Progression not unusually rapid 

3 Moderate renal impairment 
Evidenced by 

{a) Lowered maximum sp g 

(b) Delayed /enocyanide output 20 

(c) Lovvered urea clearance 

(d) Lovvered phenolsulfonephthalein excretion 
Probable nephrosclerosis 

4 Compensated hypertensive heart disease 

With increased rest reassurance absorbing investment of leisure to 
diminish his worrying ample fluids and some arterial sedation with bis 
mulh subnitraie, his arterial tension gradinJly fell to 180/120 in Marcli 
1938, 170/110 in June, 1938, and 160/105 in August For the last year 
his tension has ranged from 150/100 to 170/110 on many repeated 
observations 

Case Example Mrs H P , aged 26 reported for her first prenatal 
examination when four months advanced in her second pregnanq She 
presented no subjective complaints though her urine contained numer 
ous pus cells and 80 mg’ protein per lOO cc urine and her arterial tension 
was 170/110 There was no edema Her first pregnancy, two years previ 
ously, terminated abruptly with a violent labor of a stillborn infant at 
eight months after an acute two vseeVi illness with fever, chills, dysiirn 
excessive urinary frequency and pain m the right lumbar area The acute 
symptoms had subsided rapidlv in the piicrpcrium Since then she had 
not sought medical attention There vvas no hi'‘ory of scarlet fever, 
diphtheria or rheumatic fever, but the patient stated tliai she had Ind 
frequent severe sore throats as a duld 
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The etiologic dngnovis is confused hj tl»c plethora of jxjssiblc causes 
of this patient s hjpertension and renal disease PrecMsteni hjpertension 
and nephritis exacerbated b) pregnane) n-uh the first pregnanej ttr 
minatmg with abrupiio placentae could nclI date from ilie sore throats 
m childhood Apparenilj the aaite illness in the previous preginncv had 
been p}ehtis the continued p)re\ia suggested a chrome pj-cJoncplintis 
which could cause her present hypertension and urinarv abnonnahiies 

The Wassermaim reaction was negative The blood contained but 
02 per cent of the noniial content of liciiioglobin the er>ihropIasiKh 
numbered 3 120 000 per cmin and the vviiite cells 10 200 The renal 
concentration test revealed a inaxiiiium specific gravity of 1 017 The 
(maximum) urea clearance was 52 cc blood cleared per minute TIio 
phenolsnltonephihalem excretion was 40 per cent in the first hour and 
30 per cent m the second hour Intravenous pyelography showed only 
scant excretion on the right side with considerable distortion of tlic renal 
calyces 

These data confirmed the impression of renal functional impairment 
with anemia and hypertension and clironic tlesiructivc pyelonephritis 
e'cacerbated by pregnnnq Continuation of her pregnancy was considered 
to be extremely precarious Therapeutic termination was advised but 
refused The arterial tension rose gradually to 220/150 at seven months 
At that time the renal infection became violently active after a brief 
septic course the patient died Autopsy confirmed the clinical impressions 

Most instances of hypertensive disease resemble the first of these 
two clinical examples Until renal decompensation occurs renal injury 
may be almost wholly asymptomatic The depletion of leserve is insidious 
and can usually be delected only by renal function tests early in the course 
of the disease The usually accepted signs of renal disease proteinuria 
edema casts and hematuria are avliolly inadequate criteria of the status 
of the renal functional capacity Severe impairment in functional reserve 
liny exist when the urine is apparently nonnaJ on routine examination 
and profuse albuminuria may occur in instances of quite adequate reserve 
These phenomena are greatly influenced by extrarenal factors ^ i" 
Azotemic intoxication or uremia ariseswhen the kidneys fail to ehmi 
nate the requisite amount of metabolic debris and these substances ac 
cuimihte in the blood stream Urernia is equivalent to renal decornpen^i 
ttou In hypertensive disease tins may arise as a terminal event when 
extensive nephrosclerosis damages the kidney severely Prior to renal 
decompensation the results of blood chemical analyses may be pcrfcctiv 
noinnl although the renal functional reserve is grossly depicted There 
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fore reliance upon a normal blood chcmutry report as an assurance 
of adequate reserve capacity is dangerous and illogical 

PROGNOSIS 

Interesting as a discussion of group prognosis might be u Ins little 
\alue to the practitioner of medicine confronted tnth the problem of 
e\aluating the outlook for a specific case of hypertensive arterial disease 
Each problem is different for the prognosis is affected b) many ^^nabIcs 
To tlie patient prognostication is the most important part of the diagnosis 
Therapy and the severity of restrictions and limitations arc often tie 
termined by prognostic impressions 

The many variable factors vvhicli must be considered mcliulc (i) 
The age of the patient (■») the duration of the disease (3) its rate of 
progression (4) the etiologic picture (j) the stage of the pathogenesis 
reached (degree of arteriolarsclcrosis) (0) the status of the cardiac and 
(7) renal reserv es (8) the possible presence of complicating disturbances 
such as superimposed chronic valvular disease of tlie heart diabetes preg 
nancy or secondary anemia and (9) the cooperation of the patient 

As age advances the life expectancy of course declines synchronously 
But increasing age docs not affect the prognosis adversely The average 
thenpeutic response in patients over 60 is as good or better than that of 
younger persons It is a general rule that the earlier in life the dcgcncra 
tive diseases begin the graver is the outlook and ilic moic rapid the 
deterioration This generalization subject to the usual limitation of 
exceptions which try the rule is certainly apphcahle to hypertensive dis 
ease diabetes mellitus or gout The onset of hypertension early in life 
implies marked and sometimes extreme constitutional vulnerability 01 
active provocation as from severe nepliruis The disease progresses much 
more rapidly m younger persons So called mahgnam hypertension 
usually occurs before fifty Viewing hypertension as a compensatory phe 
nomenon and the disease as a form of self perpciuaictl ov crcompenvation 
lids in the appreciation of this viewpoint 

The rate of progression of the disease is most significant m prognosis 
In order to dctennme tins even approximately it is ncctssaiy to kiio" 
someiliing of the duration of the hypertension Because of the insidious 
and asymptomatic onset and early course of lijperiensnc disease it u 
usually extremely difficuh to obtain accurate information Paiintaking 
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inquiry anent previous life insurance examinations the past lustoiy 
and other coincidental chmca! obsersations may reveal pertinent and 
suggestive data that warrant approximation of the probable duration 
The rate of progression is very variable in different individuals The 
appearance of evidences of artenolarsclerosis uitlun a few years of the 
probable onset is proof of rapid progression and justifies a much more 
guarded prognosis The prognosis will depend largely upon the pace 
with which the pathogenic changes advance irrespective of the factors 
which determine this The two major determinants of Uie rate of progres 
Sion are the character and intensity of the provoking etiologic factors and 
the constitutional vulnerability of the individual 

Hypertensive disease may be piovoked by a great variety of factors 
Usually several causative influences are superimposed These differ in 
each case Certain etiologic factors are amenable to therapy others are 
not Local infection, fatigue, plumbism, dietary ttidiscrelions obesity, 
anemia and other similar factors are amenable to correction If these are 
considered etiologically significant in an instance of hypertensive disease 
the ease and safety of correction of etiology affects the prognosis fiv orably 
If on the other hand hereditary influences past intoxications or infec 
tions (especially past typhoid fever and/or influenn) profound per 
sonahty conflicts or nephritis constitute the major etiologic background 
the piognosis is affected adversely The duration of exposure to dcleicn 
oils factors is also significant Brief exposure to vasopressor influences as 
11 ] eclampsia produces the state of hypertension Hypertensive disease 
arises when such influences are prolonged Therefoie knowledge tint 
alveolar dental infection was neglected for many years even though 
there is no present infection is pertinent and impoitant Usually the 
data anent etiology are but fragmentary and more presumptive than 
proven but it is nev ertlieless essential that every effort be made to gam 
as much information as possible 

However, the most important factor m the ev iluation of tlie prognosis 
is the extent of permanent vascular injury the determination of the 
stage of the disease The deiectio'' of potential hypertension by ihe 
Cold Pressor Test has already Iieen discussed After the onset of hyper 
tensive disease the pathogenic development from transient and variable 
arteriolar spasticity to permanent artenoltrsclerotic scarring is slow hut 
persistent The patient may be seen at any stage The phenomena of 
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h)pertonicit) are re\ersible and poteninll^ amenable to therap) After 
anatomic changes have appeared (Stage 9 m the Diagram of Pathogenesis 
see page 1429 ) the processes are irreparable and irrevocable The three 
stages ma) be distinguished even though the> arc not sharply separated 
The variability of the diastolic tension diminishes as fibrotic scarring 
leplaces the hypertrophied medial musculature of the arterioles Thus 
persistent diastolic hypertension is more significant of arteriolarsclerosis 
than transient excessiv e hypertension If the diastolic tension remains rcla 
lively fixed around 130 mm or higher the prognosis is grav e for extensive 
arteriolarsclerosis is the rule and severe nephrosclerosis is usually present 
Repeated observations of the blood pressure over a period of some vieels 
or months are necessaiy to determine such variability The patient is 
impatient however and demands a prompter answer to his inevitable 
query What may I expect? 

The lehxabilit) of the arterioles may be determined quickly and 
safely by the Amyl Nitrite Tests 17 20 30 The technic of this simple 
test IS as follows 

Amvl NiTRiTt Tlst With the patient m a comfortable position 
either sitting or supine several determinations of the arterial tension arc 
made until a fairly constant basal level is readied The patient then 
inhales deeply three times of a freshly broken perl of amyl nitrite (0 3 cc 
or 5 mtmms) while rapidlv repeated observaiions of the blood pressure 
are made 

The significant observation 1 $ the mtutmxivi diastolic tension This 
is reached approximately 20 to 40 seconds afier the inhalation iisualt) 
just before the intense facial blush appears The secondary rise of tension 
IS usually equally rapid levels equal or higher than the preliminary 
readings are reached 60 to 80 seconds after the inhalation There mav 
ocair some vertigo sense of presyncope and palpitation Tliese are licet 
Mvg If awwsyvwg to tlve pauem the etoaveev period uiav be shortened 
by a whiff of aromatic ammonia 

Despite the dramatic nature of the rapid fall m blood pressure we have 
never observed any ill effects from the procedure In view of the fart 
that amyl nitrite and related vasodilator compounds have been employed 
for many years by thousands of sufferers from angina pectoris without 
detriment untoward effects are not to be anticipated It is notable iliat 
with extensive arteriolarsclerosis where such acute relative hypotension 
might be dangerous very little fall occtiis 
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As IS true of any dinical test, the interpretation of the results is the 
most \ual element In early and therefore spastic hypertension the 
diastolic tension ivill fall to below normal Jeiels ^Vith gradually increas 
ing sclerosis the approach toward normal becomes less and less "We may 
take go mm as the maximum normal diastolic tension Thus a diastolic 
fall fiom to no mm represents but a 50 per cent approach toward 
normal, a fall from i lo to 90 mm equals a 100 per cent approach toward 



Case 1 

Case D 

Case C 

Case D 

Arterjal tension before test 

335/140 

230/130 

320/130 

220/120 

Maximum nornoal diastolu. 
tension 

/90 

/90 

/90 

/90 

Diastolic abnormality 

50 mm 

40 mm 

40 mm 

^0 mm 

Minimum tension after amvl 
nitrite 

185/130 

KpO/HO 

100/1 00 

130/80 

Approach of diastolic tension 
toward normal 

20% 

aO'c 1 

1 

73 ^, 

' lOO^e + 

Estimated degree of arteriolar 
sclerosis 

+ + + + 

+ + + 

+ 

0 

Stage of disease 

Arteriolar 

1 sclerotic 

1 ate 

Intermediate 

Tarty 

Intermediate 

Spastic 

Prognostic implication 

Bad 

Poor 

lair 

(mod 


All four of ihcse cases s cic aliout ilic same igc hhI rcsnled alwiu ihe same depee 
of tardne enlargement In all four msnnccs the wrine t\as normal Therefore hcfori. 
conducting the am)l nitnie test they all appeared to hate somewhat oF ihe same uiitlouk 
Dill with the informaiion gamed by the test it is at once apparent that the degree < f 
permanent irreparable damage fanes greail> and that therefore ihe prognoses differ 

normal, although the magnitude of the drop (20 nun ) is the same In 
the first instance we may conclude that about half of the diastolic hypei 
tension is spastic and the othei half sclerotic in origin, whereas in the 
second instance the hy pertension is almost wholly spastic in type 

The data of the Table w ill quickly illustrate the logic of mterpreution 
Clinical application of this test procedure has confirmed us practical use 
fulness In more than 90 per cent of cases the clinical course under therapy 
confirms the imjiressions gained by this test IVhen the icsjjonse is jioor 
because of generaliied artenolirsrJerosis no great clinical improscment 




*452 CARDIOVASCULAR DISEASE 

can be anticipated from an) form of tlierap) Failure to obtain good 
therapeutic results in the earl) purel) spastic cases oE hypertensive disease 
indicates that some active etiologic agent has been overlooked or is left 
inadequately corrected Tlie Amyl fvitnte Test does not reveal the status 
of any one group of arterioles such as those of the kidney or bnm or heart 
but does yield a quick and satisfactory impression of the average relax 
ability of the vessels 

These data should be supplemented by visual examination of the 
retinal vessels v\here spastic or sclerotic changes may be observed di 
rectly The two impressions gained may not coincide although they 
usually do It should be reemphasized that as the rate of degenerative 
cliange is not uniform in all the areas of the body localized changes sucJi 
as in the retinae do not necessarily correspond exactly vvitli tlie general 
distribution 

Since the introduction of the Amyl Nitrite Test m 1930 several oilier 
procedures have been suggested for the same objective Beck and De 
Takdts 32 found that the intravenous injection of 1 cc of a four per 
cent solution of sodium nitrite (04 Gm —'’3 grain) has yielded valuable 
and significant infoimation Here the response is considerably slower and 
thus there is more time to observe the minimum level reached by the 
diastolic tension It has been suggestedss that induction of profound 
anesthesia and inhibition of vascular tone by intravenous injection of 
pentothal sodium was a useful (?) prognostic procedure if fluctuations 
in skin temperature of tlie toes was determined by sensiuve tliermocouple 
thermometers The risks of such profound narcosis and the unnecessary 
complexity of the operation involvinga whole corps of assistants make its 
application utterly impractical 

Esiimauon ol the cardiac reserve is o 1 the utmost importance in proper 
prognostication m hypertensive disease More than half the deaths at 
tributable to hypertension occur as a result of cardiac defeat Tlioiigh 
innumerable attempts have been made to devise effective tests of the 
cardiac reserve none of these have proven really satisfactory The patients 
story of the response to increased eff^ort as first pointed out by Mac 
kenzie34 is probably the best cnterion of the reserve myocardial 
vigor 35 It should be recalled that though the heart may be vigorous 
and sdienic at the time the patient is examined persistence of the hyper 
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tensive disease ultimntely brings about depletion of the resene Both 
the immediate and future prognosis must be gnen consideration 

When extensue renal injury is found associated with hypertension 
the prognosis is definitely darker The renal reserve snould be determined 
by functional studies in e\ ery instance of hyperiensis e disease Coincident 
or associated complicating disorders sucli as syphilitic aortitis rheumatic 
carditis thyTotoxicosis diabetes mellitus anemia and the like may influ 
ence the prognosis profoundly Previoiis disease may leave a residuum of 
injury to this or that structure of the body so that it becomes far more 
vulnerable to the injury of histanoxia m hypertension Pregnancy is a 
complication which alters all the problems of diagnosis prognosis and 
treatment 5 Pregnancy invariably exacerbates preexisting hypertension 
and/or nephritis and these exacerbations are lasting so that progression 
to degenerative changes are greatly accelerated Lack of space forbids 
consideration here of the problems of cardiovascular renal disease in 
obstetric medicine ^ 

The emotional intellectual and economic ability of Uie patient to 
cooperate fully may be a deciding factor in the effectiveness of therapeutic 
management It is obvious Uiat prognostication in hypertensive disease 
involves careful weighing and evaluation of conflicting influences On 
the one hand is the knowledge of the inevitable piogressnenew of the 
disorder and its consistent pathogenesis and on the other are the many 
individual variables which affect this progression either favorably or 
adv ersely 

TREATMENT OF HYPERTENSIVE DISEASE 
TJierapy has certain definite limitations e can not hope to accom 
plish the impossible Hypertension may be controlled and the progres 
Sion of degenerative changes retarded but hypertensive disease is not 
amenable to permanent cure Once the progression of events has become 
established in a vulnerable individual the perpetuating factors of the 
patliogenesis and the constiimiona! susceptibility of the patient preclude 
anticipation of cure These factors make for progression There is no 
evidence whatever that hypertensive disease is self limited or tends toward 
spontaneous arrest Remissions occur but much less frequently than 
exacerbations In a vulnerable patient new provoking factors may excite 
exacerbations long after Uie original set of exciting influences has abated 

’—31 
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The concept thic hjpertension is a compensatory ph)sioIogic plje 
nomenon and thus maj be desirable to the bod) econom) or c\cn ncccs 
sar) thereto modifies the objecmes of themp) If i\e acknot\ledge this 
concept s\h) should t\e be conceined s\ith therapeutic measures intended 
to reduce the arterial tension^ There are seseral reasons Tlie otercom 
pensation of ph)siologic responses usuall) ceases avith the cessation of 
stimulation This is not charactenstic of arteriolar hjpertonia The 
h)pertonicit) continues e\en though the provoking factors cease to be 
operative Despite the fact that there is little danger for those patients 
uith earl) or mild h)pertension active proph)hctic therapy is urgeiuh 
indicated because persistence of the hypertension inevitably leads to 
degenerative changes in die vessels and continuously increasing jeopardv 
later on Aitenolarsclerosis is irreparable There is thus ample jiisti 
fication for treatment intended to control the arterial tension at moderate 
levels and retard progression Reduction of the hypertension should 
be gradual so that the difficulties of relative liypotension may be avoided 
In die presence of organic constriction of certain groups of arterioles the 
reduction of the blood pressure to theoretically normal levels may inter 
fere still further \ idi the blood supply to the tissues For each individual 
there is some optimum range the lower limit determined by the physio- 
logic necessity of compensatory hypertension the upper limit by the 
margins of safety in ilie circulatory apparatus As these two limits tend 
gradually to draw logetlier the situation becomes increasingly precarious 
All therapy is based upon three fundamental principles (i) Cor 
rection of etiology {-) reduction of the physiologic burden of the uiyiire I 
structuies (rest) and (3) atd to tissue nutrition and Tespiralion Tins 
trinity of principles is universally pertinent but their clinical application 
does not permit of routine methods The omission of any one of these 
in the planning of clinicaf management maizes foi incomplete and 
ineffective therapeutics 

THERAPY DIRECTED AGAINST ETIOLOGY 
The control of disease must be based upon the removal of the causes 
thereof A\ e may not expect to cure a sore heel due to a protuberant nail 
in a shoe unless the nail is removed no matter hou many hot dressings 
or soothing ointments are applied to the heell Obviously the first con 
sideration is accurate etiologic diagnosis In hypertensive disease this 1$ 
never easy and often is extremely complex for every patient presents a 



HYPERTENSIVE ARTERIAL DISEASE 


1 155 

new and strictlj individual problem, nequend) the best that can be 
accomplished, vsith present diagnostic methods, is an approximation of 
some of the probable causes. The dilTiculties inherent in eiiologic diag 
nosis must never deter the clinician from making the effort to search 
for them Ever) bit of information or hint of contributor) factors ma) 
prov e to be of inestimable v’alue In clinical practice it is the thoroughness 
of etiologic studies, more than an) thing else, that determines the effective 
ness of treatment Failure in obtaining therapeutic results, at least in 
early (spastic) cases of h)pertensive disease, is most frequentlv attribm 
able to failure in recognizing or correcting some etiologic influenie 
Meticulous indiv idualization is the ke) to successful clinical management 
Of the three groups of etiologic factors (Predisposing, Provoking and 
Perpetuating influences) , the predisposing causes are naturall) the least 
amenable to therapeutic correction. B) the time the patient presems 
the problem of h)pertension it is too late to change his heredit) and con 
siitutional cliaracienstics Nevertheless, an evaluation of the relative role 
pla>ed b) such factors is important In the detection of potential h)per 
tension, as b) the Cold Pressor Test (See p 1432), the discover) of such 
predisposing characteristics justifies the institution of certain limitations 
and restrictions in proph)laxis Later, after tlie disorder has become 
more firml) fixed, an understanding of the predisposing influences will ic 
veal valuable prognostic and therapeutic clues For example, evidence of n 
strong hereditary tendency to hypertensive disease implies that hvpei 
tension may be readilj provoked by relativel) minor vascular imiams 
which might be wlioll) innocuous to iionvailnerabic persons and tint 
therefore special attention must be given to the search for and eradiiaiion 
of secondary contiibuiing factors On the other Innd discovering hypei 
tension in an individual with a family history free of the disease indicates 
that especially active and aggressive provoking factors are operative 

The provoking etiologit. factors arc far more amenable to sfictific 
treatment. Removal of foci of infection, alleviation of psychotic lurlm 
lence, correction of plumbism, hematopoietic stimulation in anemia 
curtailment of unwise hygienic habits, appropriate endoenne medication 
and insistance upon adequate time for repair and rehabilitation in ilic 
convalescence from acute infections are some of the modes of attack 
which may be indicated in various cases .A feu case c\.amples vmII servo 
to illustrate; 
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Case Example 1934, Mr W B, aged 43, a battery factory foreman 
Arterial tension 210/130 Hemoglobin 64 per cent, moderate basophilic 
stippling blood platelet count reduced to 130,000 Faint trace of albumin 
and 0 16 mg lead per liter of unne Maximum specific gravity 1 018 
Marked oral sepsis with many n^Iectcd dental roots History of two 
attacks of lead colic. No family history of hypertension 

Diagnostic Impression Afajor provoking factors are chronic plumb- 
ism oral sepsis and anemia 
Therapy 

1 Hospitalization for three weeks while energetic de-leading 
was carried out by cautious induction of an aadosis Followed by 
a high calcium diet 

2 Antianemic therapy with iron by moutli and parenteral liver 
extract Continued for a year 

3 Fluid intake increasetl markedly and continued high 

4 Later removal of all infected dental roots 

5 High vttamm diet with concentrated vitamin added 

6 Arranged for his transfer to other employment, free of lead 
dust, in the same factory 

In four months the arterial tension fell to about 160/100 and has 
remained thereabouts since then 

CvsE Example Mrs M C, aged 43, housewife, seen m the Renal 
and Vascular Disease Clinic of the Central Free Dispensary Rush Medical 
College A short, obese woman complaining of marked dyspnea on cxer 
tion some vertigo, and distress in the right upper quadrant of die ab- 
domen Examination revealed aaiie perihepatic tenderness, an enlarged 
heart poorly compensated and a blood pressure of 180/103 Roenigeno- 
graphic studies confirmed the impression of gallbladder disease Con 
servative management with sedatives weight reduction, medical drainage 
of the gallbladder (magnesium sulfate orally), rest and appropriate 
cardiac therapy improved her condition steadily for about nine months 
AVeight was tedvited Iiovn kftO W> pounds wjwipcwsavwin was rtsvoved 
and the arterial tension ranged from 170/110 to 160/90 An acute exacer 
bation of the cholecystitis (accompanied by a rise in blood pressure to 
200/120) necessitated surgical intenention and a purulent gallbladder 
was removed Thereafter improvement was more marked a year later 
the arterial tension was 145/88 This case illustrates imtition from a 
focus of infection as a contributory cause of the hypertension 

Case Example Miss N M, aged 26, complained of intense restless 
ness, insomnia vague apprehension vertigo and loss of vveight Her 
childhood and family environment had been one of constant nervous 
tension and great conflict over religious views She had been most un 
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Inpp) as a girl resorting to moderate masturbation bmct teaching 
maturity had been distressed by Icukorrhei (later pro\en to be due to 
Trichomnnas vaginalis) and fear anent past sexual indisaetions Recently 
declined to marry the man she lo\ed for fear tlrat marriage would be a 
ph)sical failure The bnsal metnbohe rate was plus 9 pulse 90 blood 
pressure 160/102 This leiel of tension was observed on several occasions 
It was not an isolated reading whtcli might have been distorted b) fear 
embarrassraeni or the like Other physical findings were nonnal Reassur 
ance explanation answering her unasked questions unmasking the 
origins of her canlhcts (religious distortion of biologic hungers) mild 
sedatives and persuading her to be frank with her suitor led to entire 
correction of her hypertension Tliough she was soon happiK married 
and her tension remainetl noiiinl she was urged to report for recbeck 
semiannually because of the evident vulnenhihty of her vasomotor appar 
atus Six years later there was a moderate hypertension during her second 
pregnancy 

These three cases may serve to clarify just what is meant by individ 
ualization in etiologic therapemics In many instances the provoking 
factors are not so readily elicited There ire certain common sources of 
vascuhr irritation which require less speafic consideration The dietary 
and hygienic Inbits of ill hypertensive patients warrant patient ind con 
scientious exploration Unwise habits such as inadequate sleep dietary 
imbalances fatigue and excesses of one sort or anotlier may all be con 
tnbutory factors in hypertension 

Diet Just what constitutes the proper diet for the hypertensive 
patient has long been the subject of much controversy Theories and 
fads have come and gone The pendulum of opinion has swung from one 
extreme to the other until at last it seems to have come to rest at an 
attitude surprisingly rational moderatton The avoidance of any excess 
IS desiiable Rigid protein restriction is no longer advocated Liberal pro 
tein feeding does not increase the arterial tension jirotem starvation may 
do great harm by the induction of anemia and reduction of the resist 
ance to infection Therefore protein sufficient for the normal metabolic 
requirements is necessary The source oE ibc protein seems to be irnma 
tenal In obese individuals restriction of fats and carbohydrates is de 
sirable reduction m weight is usually accompanied by a fall in tlic 
arterial tension Such correction of obesity thus serves two useful pur 
poses It reduces the load of work demanded of an already biirdcricfl 
heart and aids in the pertplieral circulatory ediciency 
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A “salt free diet” Iiad man) emphatic advocates not man) )ears ago. 
Such radical restriction is no longer deemed necessar) for much evidence 
has accumulated indicating that the salt content of the diet has a negli 
gible effect upon vascular disease- It is true that some patients use ex- 
cessive quantities of salt with their food That is, the) abuse rather than 
use salt. Here again, moderation is the ke)'note of advice. Specificall), 
patients are best advised not to add free salt at the table, the amount 
used in normal cooking should siifTice. Condiments and spices are best 
deleted from the dietar)’, for the irritating volatile oils therein are direct 
arteriolar irritants and they add no nutritional value to the diet. Occa 
sionall) one sees cases in which an excessive abuse of “hot” spices is an 
active provoking factor in their h)pertension 3 Meat extractives in the 
form of soups, gravies, broths, etc., are undesirable, they have very little 
food value and are prone to contain irriuints 

Fluid Intake: Liberal fluid consumption is of benefit. Intake up to 
si\ liters (quarts) per day does not raise the blood pressure. Water senes 
both in diluting any intoxication and in decreasing the renal work. It 
is less work for the kidneys to secrete a large volume of dilute urine than 
a small ^olume of highly concentrated urine. Cardiac inadequacy, or a 
narrow’ margin of safety, contraindicates large quantities of fluids at any 
one time, but cautious administration of small amounts at frequent inter 
vals is desirable. When the heart is sthenic or fairly well compensated, 
an liabitual consumption of from to 3 liters per day is suggested 
Frequently hypertensive p.aiients are encountered whose liabitual con 
sumption of fluids is far too low; intakes of to 1 liter per day are not 
unusual. It is immaterial how* the water is camouflaged; fruit juices, V\eak 
tea, milk or Seltzer water are often more palatable than plain water until 
the new’ and better habits have become fixed. 

Tobacco, Alcohol, and Coffee: The moderate use of tobacco, al- 
cohol and coffee should not be routinely prohibited. Susceptibility to 
tobacco smoke is extremely variable; it is true tliat in some persons nico 
tine has a distinct vasopressor effect, but in otliers no such reactions are 
observed. It is often wise, when in doubt, to determine the blood pressure 
before and after smoking In this way the patient has objective evidence 
which aids in convincing him of tlie desirability of reducingan e.\cessive 
consumption of tobacco. Similar considerations apply to the temperate 
use of alcohol. Coffee and other caffeine stimulants are contraindicated 
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in tlie e\ening as they are apt to interfere with sleep, but in the morning 
the refreshing stimulation is desirable. It is of the greatest importance 
to remember that the deeply ingrained habits of elderly people are best 
modified but very gradually and tliat the abrupt interdiction of coffee, 
alcohol or tobacco may do more harm than good. The psychic relaxalion 
induced by sjnoking way be of considerably greater benefit than the 
minor detriment of some nicotine absorption. Statistical evidence shows 
that tlie incidence of hypertension is no greater among heavy consumers 
of tobacco than among nonsmokers. Alcohol is likeivise a sedative and 
is also a quickly and readily combustible fuel. It is frequently beneficial 
for the senile. Sudden and complete withdrawal of all caffeine from a 
coffee addict may have disastrous consequences. Emphasis on moderation 
in work and play as well as in food and drink, is all-important. 

Psychogenic Factors: Habitual worry and overconscientiousness arc 
common characteristics of the hypertensive patient. Attention to hygienic 
habits of sleep, exercise and relaxation and frank discussion of the advisa- 
bility of lessening some burdens of responsibility frequently accomplish 
mucli in inducing highly desirable relaxation.sc The wise insesiment of 
leisures? may be a potent factor in increasing longevity and in postpon- 
ing disability. Exercise is beneficial, especially when it invokes fun, but 
the status of the cardiac reserve must be given due consideration in plan- 
ning such advice. 

Therapy directed against the perpetuating factors responsible for 
hypertensive disease has for its desideratum rest of the arterioles, for it is 
fatigue of Uie arteriolar musculature and the habit of continuous hyper- 
tonicity svhich brings about the degenerative changes. As this objecti\c 
is identical with that of the second principle of tlierapeiitics, such tre.Tt 
ment will be considered in the next section. 

THERAPY TO REDUCE THE BURDEN OP INJURED STRUCTURES: REST 

Rest is the oldest of therapeutic m^urcs. Rest has both qualitative 
and quantitati\e attributes. Rest may be localized as in tlie immobiliza- 
tion of a broken bone, or generalized, as in sleep. Psychic rest is some- 
times obtained through vigorous physical activity. The effectiveness of 
rest depends as mucli upon its duration as upon its intensity. For the cir- 
culatory apparatus complete rest is impossible, (the only '‘vacations” 
the heart can get are the diastolic pauses) but reduction of tlie physio 
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logic burdens is i perfectly feasible objectue In hjpertensne disease 
both the artenolar musculature and the myocardium of the left sentricle 
are both subject to continuous and increasing fatigue The higher the 
diastolic tension (arteriolar hypertonia) the greater the burden It is 
these structures ivhidi require reduaion of their physiologic load of 
uork Such rest does not necessarily invoUe msalidism or confinement 
The objectue thus is to pro\nde prolonged arteriolar relaxation This 
can not be complete Nor need it be Any diminution of tlie hypertonia 
IS beneficial especially if continuous and prolonged The primary con 
cern is t'.ith the a\erage artenolar tonus rather than i\ith transient \-ana 
tions Though such artenolar sedation is less drimitic than acute and 
temporary reduction of the arterial tension it is far more \^luable to 
the patient except in acute angiospastic emergencies such is angina pec 
tons Clinical experience indicates thit i graduil fall of the hypertension 
IS more lasting the quicker tlie pressure is reduced the more likely it 
is to rebound in acute exicerbaiions 

Reduction of the diastolic tension is our guide and measure of the 
degree of \'ascular relaxation The desideratum of artenolar rest may be 
sought for by four different therapeutic approaches (i) Psychologic 
measures (2) medianal measures (3) physical measures and (4) sur 
gical measures No single remedy exists Nor ivill one be found ^\ise 
clinical management employs drugs as idjuncts uses psychotherapy 
judiciously applies physical measures rvhen indicated and aiails itself 
of surgical intenention tsheii it is really called for Frequently synergistic 
attack by seseral measures will accomplish %\hat routinized and pro- 
duction line regimes fail in doing Less emplnsis on treatments and 
more concern with treatment will improxe results The patient not 
the disease or its symptoms must be the object of our attention 

1 Psychological Measures Tlie best id\ ice is useless unless it is 
heeded Mere enumerition of wliat the patient should and should not do 
IS not sufficient In chronic disorders where obsenation and control are 
matters of years it is espKually important tliat an intimate and whole 
hearted cooperauon between patient and physician be established ind 
maintained The potentiality of exacerbiiions accelerated degeneratiie 
changes or complications is always present for the Milnerabihty of the 
I’asomotor meclianisms is irresocable Safety depends upon \igilance md 
regular inventory To gain and retain die confidence of the hyperten 
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sne patient is half the battle won This is sometimes \er) diflicult for 
the majorit) of tliese people feel tigoroiis and iiell and resent the im 
plication of disabiht) Umamished explanation of die status of their 
balance sheet and clear exposition of tlie probable outlook can do 
much to help the patient solve Ins oun dad) problems of conduct The 
more the patient understands uhy he should do certain things and avoid 
others tht more intelligent will be Ins cooperation It is not necessar) 
to be alarmistic indeed this ma) be most undesirable although these pa 
tients are rarely apprehensne about tfiemselies Frankly to lay the cards 
upon the table so far as the patient s education permits him to under 
stand the facts always adds to therapeutic effectiveness Tlie viewpoint 
of control vs cure and the importance of a prophylactic attitude should 
be emphasized This may involve considerable tune and effort on the 
part of the physician but the results justify it 

The tendency to habitual worry is rarely amenable to complete cor 
rection But with proper guidance the patient can do much to control 
illogical and continuous apprehension Emotional conflicts play a most sig 
nificani role in hypertensive disease38 and sane and tolerant discussion 
of these may yield surprisingly good results Rarely are more formal 
psychoanalytical procedures necessary 30 Tlie iherapeuiic and prophylac 
tic values of creative hobbies 3T v\ise investment of leisure and the psy 
chologicil attributes of the hypertensive personality i " are fascinating sub 
jects which must be regretfany omitted the psychic factors m hyperlen 
Sion are fully discussed elsewhere 

2 Medianal Measures \Imosi innumerable drugs have been sug 
gested tried ardently advocated found wanting and later discarded No 
fully adequate medicinal agent is as yet available Nor is it likely that 
any single panacea for hypertemne disease ndl ever be found Drugs are 
bm auxiliaries in the management to be applied individually with 
critical judgment of their indications and limitations 

Sedatives assist in obtaining the relaxation so necessary for rest They 
should be prescribed in small doses for a long period of time the risks 
of drug habituation must be kept in mind Mild sedation to diminish 
the constant freiung turmoil is all that is necessary Frequently the 
patients discover that tlieir mental efficiency and their ability to maintain 
miencctual concentration are increased by small doses of sedatives The 
bromides have proven ixarticularly appropriate in divided doses i 8 to 
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2.7 Gm. {30 to 45 grains) per day may be continued safely for months 
if the physician is aware of the possibHity of biomidism. In approxi- 
mately three per cent of patients, bromide intoxication required discon- 
tinuance of the medication.40 Phenobarbital may be employed although 
it becomes less and less effectual with continued use.^i Intelligent ad- 
ministration of nembutal often breaks the habit of insomnia. 

\'aso(li!ator drugs may be divided into two major groups on the basis 
of their pharmacodynamics: (i) Those causing violent, immediate but 
scr) temporary vasodilation; and (2) tliose inducing gradual and per- 
sistent arteriolar relaxation. Of the first group, the alkyl nitrates and 
soluble nitrites are the most important; amyl nitrite, nitrogljcerol, so- 
dium nitrile and erythroltetranitrate. Histamine has similar effects, but 
is of ver)' limited usefulness. These are all too rapid and transient in their 
action to be of great service in the treatment of hypertension, except in 
acute sasospastic emergencies. More prolonged and persistent arterial 
relaxation is more to be desired. For this purpose are available bismuth 
snbnltmie, sodium or potassium sulfocyanate, acetylcholine, certain 
(issue extracts and several xanthine derivatives. Tlie active principles 
of the se\eTal available tissue extracts are apparently closely related to 
adenosin or adenylic acid. These, as well as acetylcholine, must be ad- 
ministered parenterally, which greatly limits their application because 
the typical hypertensive patient feels far too well to report for injection 
liierapy several times per tveek for months on end. Vnsailar sedation 
mtisl be prolonged to be effeetbe; rest t.tkes lime. 

Of the ses'eral xanthine derivatives tJieophyllin-elhylenediamine 
(aminophj llinc) and the closely related glucophyllin are tlie most promis- 
ing, Their vasodilating action, however, is largely selective and their 
cTtcct is cn'ieljy upon iiie coronary’ vesse'is. They do not yield the desired 
gcneralircd .arteriolar relaxation requisite in reduction of arterial hyper- 
tension. Their chief place is in the treatment of cardiac malnutrition 
and in the edema of congestive heart failure. 

Thiory.inatcs induce prolonged s'ascular relaxation of the type most 
desired in hypertension. But thcropcutically effective doses are precari- 
ously toxic. Tlierapy sviih the sti]phoc)'anatcs is not safe unless the p.v 
ticiit is under close observation. Frequent measurement of the concen- 
tration of thiocyanate in the blood, as su^ested by Barker *2 reduces the 
risk, but all the desirable simplicity of oral administmtion is lost. The 
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commoner manifestations of thiocyanate intoxicntion are muscuhr ueak 
ness dermatitis nausea \omiting mental confusion and disorientation 
Se\ere cases exlnbit comulsions and coma 

Case EX/Uiple Mrs L H a housewife aged 71 was atimatcd foi 
hospital stud) complaining diicfl) ol headache and \erngo Hypertension 
had been known to exist for ten years The aserage of many blood prts 
sure readings was 230/130 Physical and laboratory examination showed 
nothing unusual — some cardiac enlargement hemoglobin 86 per cent and 
a maximum urinary specific graxity of 1 023 

She xvas started on 0 3 Cm (5 grains) potassium thiocyanite daily 
The blood thiocyanate le\el rose to -1 1 mg per 100 cc There xvas no fall 
in the blood pressure After two days the dosage xvas doubled (0 3 Gni — 
5 grains — twice daily) there siill was no reduction of the arterial tension 
although the blood cyanate content rose to 11 1 pig per 100 cc The 
dose of the drug was then again increased (0 5 Gm — 5 grams — tlree 
times per day) after an intenal of soeral tlays Forty eight hours later 
the blood concentration was 18 2 mg thiocyanaie and the patient ex 
hibited marked excitation with halhianations and some nausei and 
\omiting The arterial tension had fallen to 180/120 the pulse increased 
from about 80 to 120 The patient was seen m consultation at this time 
thioqanate therapy ^sas promptly discontinued and a large fluid iniakt 
suggested to aid in the elimination of the drug already absorbed Nextr 
iheless an erythematous papular eruption appeared oxer the back and 
buttocks on the next day Tlie pniritus was intense W ith die preexistent 
excitement to increase her suscepiibiliiy the patient became quite frenzied 
by the itching and required some restraint On the fourth day of the 
enipiion lai^e iirticanal x\heals replaced the papular rash Recoxcry 
from this intoxication rctjuired aliom ten days During this interval the 
patients blood pressure ranged from a imiiumim of 180/120 to 260/HO 
mm Hg After discharge from the hospital no further obscrxations of tlit 
subsequent course xscre possible Tlie uliimitc outcome is thus unknox\n 

This case hoxvexer illustrates the significant fact that iherapcuticallv 
effectixe doses of tluocxantes are dangerously close to toxic amounts 
Barker-* states lint significant toxicity begins to appear xvhen the con 
ceniration of thiocyaintc rises to 15 to 30 mg per 100 cc of blood 
It IS likewise notable that exen xviih toxic amounts the reduction of the 
diastolic tension was xery slight TJie falling systolic pressure and rising 
pulse nte indicated myocardial injury 

Bismuth subnitrate offers several adv-intages as a mild jwrsistent x-as 
cular sedatixe It is noiitoxic nonaimulatixe inexpensive and readily 
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•» 7 Gm {30 to la grains) per day may be continued safely for months 
if the physician is an’are of the possibility of bromidism In approxi 
mately three per cent of patients bromide intoxication required discon 
tmuance of the medication Phenobarbital may be employed although 
It becomes less and less effectual nith continued use-*i Intelligent ad 
ministration of nembutal often breaks the habit of insomnia 

\ asodilator drugs may be dixnded into tuo major groups on the basis 
of their pharmacodynamics (i) Those causing Molent immediate but 
\ery temporary \asodilation and (2) tliose inducing gradual and per 
sistent arteriolar relaxation Of the first group the alkyl nitrates and 
soluble nitrites are the most important amyl nitrite mtroglycerol so- 
dium nitrite and erythroltetranitrate Histamine has similar effects but 
is of very limited usefulness These are all too rapid and transient m tlieir 
action to be of great service in the treatment of hypertension except in 
acute vasospastic emergencies More prolonged and persistent arterial 
relaxation is more to be desired For tins purpose are available bismuth 
subnttrate sodium or potassium suUocyanate acety Icltoline certain 
tissue extracts and several xanthine derivatives The active principles 
of the several available tissue extracts are apparently closely related to 
adenosin or adenylic acid These as well as acetylcholine must be ad 
ministered parenterally which greatly limits their application because 
the typical hypertensive patient feels far too vvell to report for injection 
therapy several times per week for months on end Vascular sedation 
must be prolonged to be effective rest takes time 

Of the several xanthine derivatives theophyllinethylenediamme 
(aminophylhne) and the closely related glucophyllin are the most prorais 
ing Their vasodilating action however is largely selective and their 
effect IS chiefly upon the coronary vessels They do not yield the desired 
generalized arteriolar relaxation requisite in reduction of arterial hyper 
tension Their chief phee is in the treatment of cardiac malnutrition 
Tnd in the edema of congestive heart failure 

Thiocyanates induce prolonged vascular relaxation of the type most 
desired m hypertension But therapeutically effective doses are preciri 
ously toxic Therapy with the sulphocyanates is not safe unless the pa 
tieni IS under close observation Frequent measurement of the concen 
tration of thiocyanate in the blood as suggested by Barker^® reduces the 
risk but all the desirable simphcitv of oral administration is lost The 
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commoner manifestations of tluocyanate intoxication are muscuhr t\eak 
ness dermatitis nausea vomiting mental confusion and disorientation 
Severe cases exhibit convulsions and coma 

Case Example Mrs L H a housevMfe aged 71 was admuicd for 
hospital stud) complaining chiefly of Iieadache and vertigo H)pertension 
had been known to exist for ten )ears The average of many blood pics 
sure readings was 230/130 Physical and laboratory examination showed 
nothing unusual — some cardiac enlargement hemoglobin 80 per cent and 
a maximum urinary specific gravity of 1 023 

She was started on 0 3 Gm (5 grains) potassium thiocyanate daily 
The blood thiocyanate level rose to 4 I mg per 100 cc There was no fall 
in the blood pressure \fter tv^o days the dosage was doubled (0 3 Gm — 
5 grains — twice daily) there still was no reduction of the arterial tension 
although the blood cyanate content rose to 11 I mg per 100 cc. The 
dose of the drug was then again increased (0 3 Gm — 5 grams— f/iree 
times per day) after an interval of several days Forty-eight hours later 
the blood concentration was 18 2 ing thiocyanate and the patient ex 
hibtted marked excitation with lialluanattons and some nausea and 
vomiting The arterial tension had fallen to 180/120 the pulse increased 
from about 80 to 120 The patient was seen m consultation at this lime 
ihiocvanate therapy was promptly dtscontinijcd and a large fluid intake 
suggcstetl to aid in the elimination of the drug already absorbed Ncvir 
theless an erythematous papular eruption appeared over the back and 
buttocks on the next day The pruritus was intense With the preexistent 
excitement to increase her susceptibility the patient became quite frenzied 
by the itching and required some restraint On the fourth day of ihc 
eruption large urticarial wheals replaced the papular rash Recovers 
from ihis intoxication rttpiircd alnnii icn tlays During this interval the 
patients blood pressure ranged from a imniimun of 180/120 to 2G0/H0 
mm Hg \fier discliargc from the liospiia! no furilier observations of the 
subsetjuent course were possible The uUimatc oiuanne is llius unknown 

This case however illustrates the significant fact that therapeutically 
effective doses of tliiocy antes are dangerously close to toxic amounts 
Barker-**’ states that significant loxictty begins to appear wlicn the con 
ceniiation of thiocyaiiatt rises to 15 to 30 mg per 100 cc of blootl 
It is hkeuise notable that even with toxic amounts the reduction of the 
tUaslolic tension was verv slight Tlie falling systolic pressure and rising 
pulse laie indicated myocardial injury 

Bismuth subnilrate offers several advantages as a mild |>ersistent vas 
cular sedative It is nontovic nonaiiimhtive inexpensive and rcadih 




FiritE 2 Cue of Mn F- D ^V Cour»e of hypcricn^nm under bismuth subnitraic 
ihemp) oser a pertod of »cscti jean To amsme spec oh the chart the average readings 
of the Wood pressure for each two month imcnal ate given rather than each and everr 
olrseivation l*aiient reported for oliservatton aljoot once per month over this pcitod 
rvouge of bisimiih stibniirate is shoHn in grams jier day bv t>ie shaded arras at the l>ave 
of the fharf Tlie diKtetf hne of the alirwpf faff in pressure (f'') represents (he rrspoitse 
to the \m)l Ntmtc Test The occasionat Iwal tMterruptions of meihcation sscre Intendeif 
to present desclopment of nitrite tolerante U toleranre to the niiiiie effert dorv deselop 
tvs-o to three vreets' alisunentc from all nitrite meditation lesiores the responsiveness The 
tecurreni esaceibations doe to resniratotT Infrctiwis reveal the vulnrrabilnv of the patient. 

(HGl) 
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taken b) mouth "is The lou solubility of tlie salt penmts but sloiv 
decomposition In the boivel the nitrate ions (NOo~) are promptly re 
duced to nitrite (NOo"") by£ co/i 44 Tluis minute quantities of nitrite 
ion are continuously absorbed It is best administered in capsules of o G 
Gm (lo grams) each thiee times per day tablets are too hard and insolu 
ble Bismuth subnitrate has pro\en to be a \aluable adjunct m tlie treat 
ment of early (spastic) hypertensi\e disease The arterial sedation hoiv 
eier is too mild to accomplish much in instances uhere actise prosoking 
factors are increasing the arterial tonus The same limitations apply to 
otliei* vascular sedatives Such therapy can only be luvilnry to correction 
of active etiologic irritants 

Case Example Mrs E D U aged 6/ seen first m December 1931 
Hypertension had been discovered m 19‘’8 and had been known to range 
between 160/1 10 and 210/130 since then Strong familial itndcnq to 
cardiovasadar tliseaso Influental infcrtion m 19'’G most probable active 
provoking factor Renal function adequate (maximum spg 1 022) 
Response to Amyl Nitrite Test excellent (fall from 190/12o to 130/80) 
Clinical course and Uicrapy sJiown in accompanying chart (Fig 2} 
Patient still living and as vigorous as an age of 75 years permits her to be 

^fany other drugs Iiave been tried One by one they Inve been or 
are being discarded Some ire stdl heralded by their minuhcturers with 
more enthusiasm thin scientific icairacy Amorous mistletoe and repel 
lant garlic bitter iodides and svvect v atermelon seedsl Cilaum and 
cobalt salts have had their advocates but have been found wanting Pa 
renteral magnesium sulfate reduces both the intracranial and arterial 
pressures It is useful as a dehydnnt in some of the complications of 
hypertensive disease such as retinal exudates or cerebral edema The 
elimination of tins salt may be greatly delayed by nephritis 

3 Physical Measures Warm baths massage sunshine and con 
genial noncompetitive sports all may prove useful adjuncts m selected 
cases A apor baths or electric cabinet sweats are precarious whenever 
cardiac injury exists Sudden changes m environmental temperatures 
should be avoided a cold plunge may precipitate a dangerous arterial 
spasm Massage provides many of the idvantagcs of exercise without 
fatigue It IS vininous exertion Massage is sedative and inducivc of 
mental as well as physical relaxation When active exertion is prohibited 
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cardiac incompetence, massage is especially valuable. Sporting activi 
ties must always be graded to the cardiac resene. 

The benefits to be derived from sojourns at spas depend largely upon 
the economic status of the patient and the congeniality of such an en 
\ironment. 'When the expense is a cause for isorry, the net consequence 
IS harm. One of the greatest sources of benefit in “treatment" at such 
watering places is the increasetl fluid intake, made aitractise by ritu 
ab/ation. Water may be had far more economically at home. 

Diathermy reduces the arterial tension but tliis reduction is but 
temporary. Diathermy of the renal tissues results in no appreciate im 
pinsement in renal function. Roentgen-ray therapy directed toward the 
pituitary and adrenal glands has been said to result in lasting reduction 
of increased blood pressure.-*^ The recommended doses are very small; 
large doses are said to induce headache, seriigo and nausea and to be 
less elTcctne in lowering the tension. Huiton-*5 suggests 50 r units to 
each side of the pituitniy and to each adrenal: t20 kilovolts: 2 mm 
aluminum filter. fjO cm. skin target distance; 3 milliamperes for five 
minutes. This should not be re|>eate(l more often than onte per week 
or in courses over six consecutive weeks In women such radiation should 
never be administered closer than one week prior to an expected menses. 
The transient nature of the clinical results of such irradiation therapy 
implies that the fundamental origin of the disorder has not been reached. 

4. Surgical Measures: Surgical therapy of hypertensive arterial 
disease has recently been exploited v\iih much ill advised enthusiasm. 
Bilateml section of the atiierior and |)osicrior nerve roots from the sixth 
thoracic to the second lumbar segments after laminectomy has been done 
in attcin[ns to deprive large \nscul.ir arc.as of their vasomotor innerva- 
tion and thus control hyiicrtension.-**' Many other neurosurgical experi- 
mems (such as resection of the major and minoi splanchnic nerves) Jiave 
also been performed on patients. Animal cxpeiimeniaiion has now shown 
ilic futility of such thcrapv.-*" The clinical results, if viewed after inter- 
vals long enough to be significant, arc woefully disapjiointing; reduction 
of the mean diastolic pressures by 5 lo 10 mm Ilg following exten 
sive symjnihectomy. Such pathetic “accomplishments” certainly do not 
justifv the considerable surgical risks involved. 

Similarlv disap|K)inting .iml even more radical have been the trials 
with subtotal adrenalectomy and dc-innervation of the adrenal glands.-*'' 
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Tliat the dierapeutic results are utierl) negligible is not surprising if 
one recalls the in\arnble failures of the many attempts to sJiou that Uiere 
IS more than a normal amount of epmephrin in tlie blood of hypertensis e 
patients Hypertension is not a manifestation of hyperepmephnnemn 
except in die fet\ and extremely me cases of Molemly fluciintmg hyper 
tension due to adrenal tumors For such cases surgical intervention is 
logical and the results are dramatic But adrenal tumors account for less 
than one instance of hypertension per hundred thousand cases of the 
disorderl Surgical adventures such as these reflect more glory upon the 
courage of the surgeons in rushing in than upon their sound clinical 
sense 

Surgeiy however has its proper place in the treatment of hyperten 
sive disease Certain aspects of thyroid and cardiac surgery are discussed 
elseuhere in this volume The removal of foci of infection (See Case 
Example p 1456) may often prove to be the turning point in a knotty 
therapeutic problem 

AID TO TISSUE NUTRITION AND RESPIRATION 

This third and last principle of therapeutic attack is all too frequently 
neglected In hypertensive arierial disease improvement of tissue respira 
non and/or nutrition are of particular importance It is but necessary 
to recall that all the damage done by h\peTlen$xve disease results fwm 
interference uith the nutrition and reslnration of the parenchimatous 
tissues consequent to inipairinent of die circulation The greater the 
arteriolar narrowing the higher the diastolic tension proMmal to this 
constriction and the f oorer the capillary ctrculafion peripheral to the 
arterioles The consequences of hypertensive disease are attributable to 
histanoxia of important tissues If anoxemia he superimposed upon such 
circulatorv deficiency the mpiry to vital structures is tremendously en 
hanced This is just what occurs when anemia or cardiac inadequacy co 
exists witii hypertension 

Anemia ind liyperiension arc ficquently ohsened in the same patient 
Such coincident or related anemia invariably aggravates the tissue dam 
age It IS not logical to expect normallv effective pliysiologic functioning 
of tissues whose supply of oxygen is inadequate Therefore corrcciion of 
any coexistent anemia even if hut of minor degree is urgently desinhle 
It is often the greatest therapeutic aid which can be given the hvjicrtcn 




Firttc 3 CJWofMrs \ K Cotinc of h»i»cTlcn»ioti and anemia o\er a iKtlod of n,o 
)can Anemia originallr due lo licmorrhage*from hrmorrlioiiU Such licmorrhaget miiireil 
tiMcc during the period of otneriaiion On the tcrond (Kcannn hcmnrrlioidctinmy uat 
performci! Tan of the excrs'iie n»e t>( the «»«olic ptemire at the time of the openiion 
roa> t)c aiinhmeit to fear the patient fcami «tntery pieatly Nfediration niih lexcron 
flail)) indicated at l>aie of chart h> «hidrd arrit tn griiiu per day It it noiafile iliat a« 
the hemoslobin foment of the I Inml incrcated the arterial lemion felt 1 hi» invert tela 
liondiip It mott cumpiniotit t\iih the diatiolic pretmie 
( 1 168 ) 
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sue patient Treaunent limited to correction o£ anemn mil frequently 
induce lasung reduction of the arterial tension as shown b> tlie following 
illustrative case history Anemia unquestionabl) has some as )et im 
properly understood etiologic relationship to arteriolar hypertonia 

Case Example Mrs A E housewife aged 52 complained of lassi 
tude morning headaclies apocamnosts vertigo on bending and increas 
ing dyspnea on effort (dimbing stairs) Hvpertension (172/110) 
secondary anemia (Hb 60 per cent) and bleeding hemorrhoids were 
die only signifcant clinical findings The history revealed nothmg which 
aroused suspicion as a probablv provocative agent for the hypertension 
The family history was excellent Urinary findings were normal 

Therapy was directed toward control of her hemorrhoidal bleeding 
(bland but anticonstipaung diet) and correction of her anemia with 
lextron (Lilly) The clinical course is revealed m the chart of Fig 3 
Hemorrhoidectomy vvas advised when hemorrhages recurred but was at 
first refused Upon the second recurrena the patient consented to open 
tive intervention Her emotional reaction to the idea of operation is v cll 
revealed by the acute nsc of the systolic blood pressure ith the increase 
in hemoglobin content of her blood and the reduciion of the arterial 
hypertension the original subjective complaints gradually disappeared 
It was the reappearance of these ntlicr than the rectal bleeding vvlucli 
convinced her of the desinbility of surgical treatment 

This case illustrates the definite but unexplained etiologic associa 
tion of hypertension and anemia In view of the recent experimental 
work, connecting hypertension with renal ischemia such observations 
are most suggestive 

Relaxation of spastic arterioles also improves ilie tissue circulation 
Therefore reduction of the artenal tension through arteriolar dilation 
IS doubly indicated To reduce the physiologic burden on the circulatorv 
apparatus and to aid tissue respiriuon If the renal arterioles arc dilated 
by such therapy improvement of die renal function follows Contrari 
wise if the artenal tension falls Uirough diminution of cardiac force 
(systolic rather than diastolic reduction) and the renal arterioles remain 
constricted renal functional decomj>ensation may impend Recognition 
of these physiological equilibria is essential to the intelligent manage 
ment of hypertensive disease 

Often liberal doses of reduced iron suffice in correcting moderate 
anemn but sometimes it is advisable to stimulate hematopoiesis with 
liver extracts parenterally The hemoglobin content should be reclicckcd 
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It regular iiuer\als because recurrence of aneiun is cointnon 4 \\c 

should cease considering as nonrnl hemoglobin concenirmoin around 
8o per cent of the theoretical normal Thougli man) people especialU 
those in large cities habituall) exhibit such milder deficiencies tins does 
not warrant being satisfied with conditions so deinmel) below those 
desirable Treatment of the severe anemia of chronic nepliritis is the 
least satisfactory and most difiicult40 Transfusions of blood are ofien 
life saving in renal decompensation and preureinic intoNication al 
though the benefits are all loo often tcmporarj 

The nutritional requirements of the patient demand attention \s 
the course of hypertensive disease is one of )ears the basic diet must be 
adequate in water calories salts proteins and vitamins The value of 
vveight reduction for the obese hypertensive has already been mentioned 
as has the importance of a generous intake of water Glucose is iinportant 
to the myocardiumi"— whenever myocardial faihue ilneitens a generous 
carbohydrate diet is indicated Liberal administration of glucose in car 
diac failure definitely speeds recovery 5o Prolonged and radical restric 
tion of protein below the usual body requirements (approximately i o to 
i 5 Gm protein per kilogram of body weight per day) is never justified 
and may do much harm Proteinuria is an indication for lucreasuig the 
protein intake to replace chat being lost in the tinne and tnaintain the 
serum protein at normal levels Sufficient reliable data have not yet been 
accumulated to indicate whether or not adnmnsliation of one or more 
of the newer vitamin concentrates lias any appreciably bcncficiil effect 
in hypertensive disease Certainly one must be assured that at least the 
normal requirements are met by the diet 5i 

SUMMARY 

V thorough understandnig of the etiology the pathogenesis and the 
physiologic nieclianisrns itivohcd in hypertensive arterial diverse are 
requisite to intelligent theiapy The management of tlie patient involves 
many factors It can not be reiterated too often tint each hypertensive 
patient presents nulividiial problems and lint loutme meihotls of treat 
ment will always prove incffcciiial kccuralc diagnosis is csseninl Diag 
nosis IS more than giving a name to the disorder It should include de 
tailed consideration of the complex etiology cv'aluation of the functional 
reserve of the heart and kidnevs and determination of the stage of the 
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disease in its orderly patliogenesis With tJiese data the progtjosis and 
the methods of therapeutic management are readily determined 

Hypertensive disease, if deteaed early and pioperly treated is a 
controllable malady, although it should not be considered as cunble 
The hypertensne patient is in no great jeopardy until late in die course 
of the disease Despite tlic absence of early subjective symptoms the 
progression toward more and more organic damage continues Thus die 
therapeutic objectives are largely prophylactic— to halt the progression 
and postpone as long as possible the degenerative changes The intrinsic 
vulnerability of the vascular apparatus to all manner of vasomotor irn 
tants makes for fiequent e\acerbauons and recurrences Constant vigi 
lance is the price of prevention As the state of hypertension arises pri 
manly as an overcompensation of the auenoles to constnctoi stimuli 
it IS not necessarily wholly undesirable Slow but enduring reduction of 
the arterial tension to reasonably safe levels is more to be desired dian 
dramatically rapid but temporary diminution of the pressure An op 
timistic attitude is amply justified by the therapeutic results of consci 
entious clinicians 

Meticulous attention to many details of management is vitally im 
portant The three fundamental categories of ilierapy must not be foi 
gotten (i) Correction of etiology ( 2 ) reduction of die physiologic 
burden of the injured structiues (rest), and ( 3 ) aid to tissue respiration 
and nutrition To neglect any one of these principles is to giv e incomplete 
and inadequate advice Evaluation of therapeutic lesults should be based 
on obscivations extending over at least one year, preferably longer 
can accomplish most if we consider the problem as a whole with the 
patient as the unit Psychic economic liereditary and environmental 
influences may be equally as significant as more purely physical factors 
It IS the patient not the disease tint concerns us It is wise to acqime the 
habit of weiginng the probable benefits against the probable detriments 
before dispensing any advice, no matter how trivial 01 how serious If the 
two are about equal— do not do it 
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CHAPTER XLVJII 


PSYCHIC FACTORS IN ESSENTIAL ARTERIAL 
HYPERTENSION 

B\ \V. R. Houston, M.D. 

The problem o£ essential fupertension centers about the attempt to 
understand certain continuous states of contraction in the plain muscle 
of the arterioles. The term “essential'’ ma) suggest that it is of the es- 
sence or nature of the arteriole to assume patterns of continuous con 
traction, or, what is doubtless the actual case, the term maj be simiih 
a neutral one indicating tliat we do not understand the pathological 
ph)siolog) we discuss. Tlie addition of oilier words, such as hjperpicsis 
or entasis, to describe this behasior of plain muscle onl) scrscs further 
to empliasizc the fact that the plicnomenon under discussion has pu/rlcd 
ph)sicians and that they seek, through the use of new* words, sonic balm 
for a painful stare of doubt and suspended jusigiTiCTiU So Jwgbl> />rob- 
lematic has become the situation as to \>'arTant a pause before going fur* 
ifier svith inquiry into the nature and pathogenesis of esscnii.il hsjxr- 
tension, a pause to consider by svhai niciliods the inquiry sliall be 
instituted 

METHODS OF APPROACH TO THE PROBLEM 
The correlations and integraiions of ph)siolog) and bchasior in nnn 
and the Ingbtr animals lake place at slitteicnt (i) Tbc 

chemical les'el, (s) tlic endocrine leiel, svhich is also chcmicaJ, but 
assimilable to {3) the scgetatisc or autonomic nersous Icxcl, a Icscl at 
which the obsenable effects are to be found in responses of plain muscle 
and glandular actisit), and (4) the cortico scnsor)-motor lesel — the Icscl 
of skeletal muscle actiiit), the Icscl where arise those problematic siiin- 
tions for tJie organism that give rise to consciousness and not onl) to 
awareness of actisities within the bod), but more cs|KrcialI) awareness 
of interactions with the more remote ensirontnem. 

(117 J) 
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Up to the present time the cliicf concern of modern medicine Ins 
been with integmtions at the first level the ph>5icnl-chemical especially 
vMth die physico chemical reactions of physiology It somehow seems more 
congenial to the scientific attitude to concern ourselves with the solution 
of chemical problems such as those involved in the study of immunology 
anemia renal function circulation respirators exchange or even allergy 
or endocrinology than to explore those larger and more inclusive types 
of integration tliat are affected by the iierious system It is perhaps 
excusable that we should turn with satisfaction to the exploration of 
simple problems that we should look askance upon fields of study where 
vagueness and uncertainty abound and where uncontrolled speculation 
often riots 

Before discussing details there is reason for pausing first to coiisidci 
the question— At what level shall the problem of esseiuial hypertension 
be most proraably approached^ Tliere exists a utde sense of dtscoiinge 
ment as to the results of studies that have been made up to this time In 
spue of the enormous bibliography that has accumulated on the subject 
of hypertension the volume of publications v\ axing and waning tlirough 
the years but alw-ays large the ulumaic product as measured in terms 
of benefit to patients in terms of increased manipulability of this siuia 
lion by the physiaan has been small More than one distinguished stu 
dent of vascular disease has expressed the opinion tint on the whole 
patients are rather worse off than better off since tlie inlroduction of the 
syhygmoraanometcr The measurenjents oj blood pressure ojleu serve 
lo focus anxtely ou cerlnin fif'ures a Inch the paltcut interprets ns ominous 
nnd which the doctoi can do little about, saie to allay the anxiety 
iihich he has occasioned Such a pessimistic view of blood pressure 
determinations the common sense of the medical profession instant}} 
lejecis just as it would properly reject the sentiment sometimes expressed 
that Everything will be all right jf you will just throw away your thcr 
mometer The goal to be sought is always intelligent utilization of 
information not blinding oneself to the facts of a situation 

METHODS OF STUDY 

To review then the mctliod of approach made to the problem of 
hvpertension let us first consider the history— not the history of pioneer 
ing thought but ilic history of mass opinion A\ hen an instniinent for 
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mc-isviriug blood pressure imroduced u uns nlrnost nmncdntel) 
put to use b) tlie doctor in e\tr^ toun nnd Inmlet tvlio uis rtquued 
m the course of his insunnce cximinitions to furnisli t blood prcs.surc 
reading (It may be remarked that ululc patients may hare benefued 
little from blood pressure determinations insurance companies ha\t 
profited to the extent of untold millions) Seldom Ins a nen and some 
uhat e\pensi\c method of clinical diagnosis been so promptly put to use 
by the entire body of physicians 

In the earlier years it uas generally believed that blood pressure 
readings furnished information as to kidney disease and at a point in 
the development of kidney disease when examinations of ilie urine 
showed nothing As the years v\ent by physicians became increasingly 
skeptical of tins conclusion and it v\as at tins time tint the conception 
of essential hypertension became generally accepted Important leaders 
in the study of biological clicmistry and connoisseurs of renal disease 
os well united in finding tint hypertension was not always due to kidney 
disease and through the introduction of the term esscrUial h)l ertcDston 
acknowledgment wns made tint hypertension was due to some unknown 
factors Most physicians were not content with so negative a hypothesis 
and went on to the conclusion that the causative factor was neurogenic 
or psychogenic So the case rested the belief was tint a certain portion 
of Iiypertension could be attributed to definite renal disease say ‘ij per 
cent renal disease clnractcnrctl by interference with the arterial cir 
cnhtion in the kulney— the cirrhotic kidney the secondary contractive 
kidney the arteriosclerotic kidney even diffuse forms of nephritis that 
lead to impediment m the renal circulation whereas forms of kidney 
disease that affect chiefly the parenchyma (parenchymatous nephritis 
amyloid disease the nephroses) were not prcisurc-rusing 

Medicine however is not easily comcniwith hypotheses ns to ecology 
tint emphasize psychogenic factors There arc many records of errors 
that arose out of too facile acquiescence of the psychic as a cause Between 
lo and ij years ago there began to appear an increasingly large miinbcr 
of articles expressing the opinion tint cases termed essential liyf ertrii 
Sion were after all renal in origin and lint a sufficiently careful study 
would reveal cvidcntc of renal disease It was jxnlnps this trend of 
ihoiigbt lint contributed to stir up fresh interest in the laboratory ap- 
proach as a means of throwing light on the problem of pathogenesis 
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There Ime been four chief lines of laboratory inquiry. 

1 It iras found that feeding to small laboratory animals Mtamm D 
in e\cessi\e amounts ^\ould lead not only to athcrosderosis but to hyper 
tension An interesting bj product of tlicse obsenniions ivas that dogs 
are not affected b) the \iiarom D feeding but that the same effects can 
be produced in dc^ as in the small laboratory animals if the dog s thiroid 
IS first removed This observation is of interest in pointing to a possible 
endocrine factor in the development of arterial hypertension but on the 
whole these observations seem to find no parallel in clinical hyjicrtension 

2 Increase in intracranial pressure, presumably lessening the blood 
supply to the brain and producing cerebral anoxia induces arterial hyper 
tension Physicians are familiar with a nse in blood pressure accompany 
mg cerebral hemorrhage Certain lesions of the basal ganglia have been 
found associated with arterial hvpertcnsion a situiiion that suggests an 
analogy with Cushings observation that peptic ulcers may be a consc 
quence of basal lesions In both instances, peptic ulcer and chronic 
arteriolar spasm there is a spasm of plain muscle that follows a lesion in 
tlie basal portions of the brain Wlulc here there is seen a neurogenic 
hypertension, it is difficult to trace a similanty between these cases of 
artcnal hypertension and the familiar clinical hypertension However, 
by laboratory methods — the introduction of kaolin into the fourili ven 
tncle— many workers have producetl states of arterial hypertension m the 
laboratory Aaue anemta in ihc cerebral circulation provokes an imensc 
arterraf hjperterwron, permanenc decrease ol cerebral blootl supply by 
ligature of arteries leading to the brain may induce a condition of per 
manent arterial hypertension 

3 A third line of expenmenial approacli to the problem of arterial 
hypertension is found m the vvork of Heymans on the carotid sinus and 
the aortic plexus This work is at present of interest because it has 
recently led to tJic nomination of Heymans for the Nobel prize Pan of 
this work concerns the reaction of respiration to impulses coming from 
tliesc nerve centers, that which concerns arienal hvpcriension is of inter 
cst here 

Heymans found that exasion of the carotid sinus or the aortic plexus 
in dogs resulted in a prompt rise of blood pressure whicli persisted as a 
continuous state Rises from the normal of ISO mm of nicrairy to 2 j 0 
or 300 mm arc recorded His expentnenu have been rcpeatcdlv ron 
firmed 

That a rise in .artenal tension should occur not through stimulating 
a nervous center but ilirough its removal seems to point to an inhibitory 
influence of the center that is continuously operative The center is 
tliought of as a kind of rheostat that interrupts and retards a continuous 
flow of pressor mniiencc so that when the rlicosnt is excluded the full 
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force of iJic (ircisor cffeci is unuapeded It is tlioHjjhi tint this powerful 
\asopressor induence has us point of origin in the cortical psjchomoior 
hypothalamic and Inilhar centers and that u is coorihmtcd wuh a senes 
of humoral and cellular factors among which arc the blood supply to 
the sympathetic centers and the carbon dioxide and oxygen content of 
the blood Heymans notes that these reflexes of cardioaortic and carotid 
smus origin regulating xascular tone and arterial pressure are absent in 
the totally sympathcciomued dog This obsersaiion Ins not been always 
confirmed and the problem as to the exact way in which the arterial 
pressure is raised still remains in doubt 

Howeser Heymans conclusion tliai the meclianism of \asocomtric 
tion illustrated m these experiments closely resembles that found in esseii 
tial hypertension is open to sennits question No experimental csidcncc 
seems to indicate that the antfictal laboratory situation which he has 
studied m any was [laratlcls clinical histones The oiils jxiint of paral 
Iclism seems to be the fundamental ibests that impulses coming down 
from the psychomotor and Jotser centers arc powerfully sasocomtnetor 

It readily can be conceited Uiat essential hypertension is to be 
explained on the basis of a heightening of this fundamental \-asoconstnc 
tor influence In fact that is just what is meant when it is said that 
psychic influences produce hs|K.riemion as it is generally undentood 
and as it is demonstrated m such cxyicnmcnts as the use of the he 
detector Tiierc seems no reason to sup|>ose that a failure m the canlio 
aortic and carotid sinus nenc sf^Tcgauom occurs in the history of essen 
tial hypertension Consequently it is not diffiailt to sec that these studies 
bring us nearer than etcr Ixrforc to the solution of the problem of esstn 
dal hypertension 

i A fourth expcnmenial approadi is to be found in the studies of 
Gnldhlait on the cffeci up<m general arterial hypertension produced by 
throttling the renal artery Coldblatt produced cxpcnincmalK bv ihroi 
tiing the large renal artery the lind of cffeci that has been recognized in 
the arteriosclerotic kidney in the granular kidnes in the secondary con 
tracted kidncs and other combttoiis that ini|>cdc artenolar arnilation — 
namely an interference ssilh renal blood supply The clinical comfitioiis 
that throttled the renal arUrtoUs lead to a type of hypertension that has 
long be*en knossn as renal hyjicrtcnsion and it was found that throttling 
the main renni aners would likewise lead to a renal hyjKrtcnsion Gold 
blati 5 work was antedated by that of Drury who placed tight fitting but 
nonconstriciing bands on the renal arteries of puppies and let them grow 
up into renal hypertension 

I Ins finding howeser is not by any means all that has dcstloinxl 
from Goldhiatts study He ss-as able to show that the rcsuhiiig Jn|>er 
tension was not due as once thought to ans acnimuhtion of pressor 
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substances that should have been exacted by the kuinc) since a sitmrcaiu 
rise in blood pressure occurred before sudi pressor substances could ln\t 
ncaimulatcd He shosved as had been shoued long ago that a consider 
able rise in the let el of excretory produas in the blood does not ciuad 
n blood pressure rise Goldblatt as well as Harrison and others hasc been 
able to confirm the observation made 40 years ago by Tigcrstedt that 
the kidney contains a speahe \asopressor substance which Tigerstcdt 
called Tcntii Renin is believed to be deseloped in increased 1111011015 
when the renal artery or the renal arterioles are throttled and an anemia 
of the parcndiyma produced and it 1$ this increase in renin that explains 
rcml hypertension Such hypertension can be de\ eloped in dogs tliat 
Ime been completely sympathectomized indicating that the ultimate 
\asoconstrictinn is not produced through nersous channels but Immoi 
ally by direct contact an observation that is discouraging for the thera 
peutic application of sympathectomy to late cases of arterial hypertension 
It should be mentioned that the existence of renm m the blood stream 
is as \et hypothetical measurable concentrations not having been demon 
siratcd The pressor substance in the blood is as elusive as ever so that 
II 1$ now thought that renm must reaa with some undctcminied factor to 
produce hypertension 

Goldbhtis work has indeed clarified our undersnntling of the 
physiological mechanisms invoKed m reml hypertension lUit the im 
mediate question is how do they concern the problem of essential hy 
pertension which has long been supposed to present a new problem not 
included m the problem of renvl hypertension It may be surprising to 
some to learn tint the acute interest evoked by Goldblatt s studies Ins 
led some students of hypertension to the conclusion that all hyperien 
Sion IS mediated by throttling of the renal irieries This would mean 
to say tint the other three types of cxi»erimental hypertension referred 
to above converge in lint etch of them produced a functioml throttling 
of the reml arteries Iven if tins were tuie— and I know of no expert 
ments that verify such a hypothesis— the problem of essential hyperten 
Sion would still remain a pioblem of how psychomotor and cerebral 
impulses were able to lead to a functional aiternl throttling specifically 
of the kidney vessels 

In any interpretation of hypertension there arc involved a number 
of intermediate mechanisms For example at the sy mjjatlietic terminal 
on the arteriole it Ins been shown tliat a chemical syanpaihin (prob 
ably the same as adrcnin) is foniietl or releasetl by the stimulated sym 
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pithetic fiber and forms an intermediate step in transmission of nervous 
impulse to the blood vessel Similarly, it is conceivable that the entire 
reml mechanism may be an intermediate step m the production of the 
phenomena of essential hypertension, but even were this admitted, there 
still would remain a marked difference betueen renal hypertension in 
which inflammatory or degeneratne changes m tlie arterial supply of 
the kidney are the causative factor, and, on the other hand, the case 
where renal throttling occurs in an othenvise healthy kidney, and is 
merely the means of effecting changes tliat take origin in the central 
nervous system 

Looking back over tJiese experiments, it may be seen that while they 
have thrown light on the physiological mechanisms by which arterial 
hypertension is effected, they fail to indicate the beginnings of the chain 
of events that terminate in what we have learned to call essential hy'per 
tension It is evident that arterial hypertension is a mechanism whicli, 
like respiration and pulse rate, is responsive to many situations (i) To 
chemical situations, (2) to different degrees of activity m the entire 
organism, (3) to changes in the endocrine balance, (4) to the removal 
of parts of the autonomic nervous system on one hand, or to stimulation 
of the autonomic nenous system on the other, and finally (5) to cerebral 
influences that are by turn predominantly motor, sensoiy, or emotional 

THE TIME ELEMENT 

In the mass of observations made in the course of clinical and expeii ’ 
mental inquiry on the nature of hypertension, a factoi that seems quite 
generally to have received insufficient emphasis is the time factor If atten 
tion IS given to the mass of literature quantitatively rather than in 
detail, It will be seen that the bulk of observations concern late effects 
of arterial hypertension, observations made at a period in the develop 
ment of hypertension when macroscopic pathological changes already 
have developed The focus of interest has been those changes that are 
obvious heralds of dissolution When changes become manifest m the 
retinal arteries when cardiac hypeitrophy is evident when the picture 
of the arteriosclerotic kidney begins to emerge the long history of hyper 
tension is approaching its terminus, and not only the structural clianges 
but the course of hypertension is all but irreversible Many palliative 
measures have been proposed some of almost frantic desperateness to 
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stay the progress of iiypertensise disease in its later course but in general 
It may be said that the nearer we get to the post mortem table the less 
is the prospect of doing something svortli while about our problems In 
quiries tend to take on a mortuary rather than a hopeful flavor A certain 
justification seems to be found for tlie impatience felt by many patients 
and some students of vascular disease with the emphasis placed on blood 
pressure readings 

Suppose now that it were possible to shift the focus of attention to 
the beginnings of arterial hypertension that our studies were more linear 
less cross sectional It may be recalled that Sir James Mackenzie felt so 
strongly the need for the study of vascular disease as a life history rather 
than during a brief observation period that he abandoned his London 
consultation practice and took as a proper point to make his studies a 
small community m which it was feasible to observe the entire life history 
of a group of people Sir James Mackenzie died no great while after 
making this move but the lesson Ins acme common sense sought to iHus 
trate should not be lost 

To wait 50 or 60 years for the data of an experimental observation 
to be gathered is a slow business Yet however we may bang and 
rattle at the door it may still be necessary to wait so long or longer befote 
we can accumulate facts that will establish soundly any hypothesis about 
the pathogenesis of essential hypertension There remains at all events 
the resource of attempting to analyze the record of human histones that 
we have already accumulated in order to observe ni how Far they support 
the following hypothesis 

Essential hypertension ts a learned reaction It is a set or action 
pattern, acquired by the plain muscle of the arlcnoks This tendency 
of arlerwles to become fixed in a state of conhactivn is developed through 
impulses coming over nervous paths The chief stimulus to arteriolar 
contraction comes through the sympathetics but takes origin in human 
relationships, in a general altitude of mood and emotional lone that 
preiails in the human environment That some penons inheut a greater 
aptitude for acqiitnng the attitude that leads to hypertension, that hyper 
tension partakes of the nature of other muscular habits in that it contains 
a propulsive element that lends to perpetuate the habit That to inlcneue 
for the correction of such n habit tte must begin at an age u hen habits 
are reversible, when neu habits can be learned That intelligence may 
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hope to ttnpwve the situation (i) through instruction and persuasion 
inducing a conscious attempt to correct a faulty attitude { 2 ) through 
plans that change the human environment That means may be found 
through statistical studies and through better understanding of emotional 
attitudes to establish the abate conclusions 

Attempting to select among the ficts a^all^ble those most relevant to 
tins hypothesis the suggestion at once occurs A\hy doesn t everyone 
develop hypertension? W hat about persons uho go thiough life with \\en 
modulated blood pressure^ When one begins to turn this question over 
a second question suggests itself ^\^s hypertension m the past as large a 
factor in medical consideration as it is loday^ Was arterial hypertension 
uhich now is said to carry off a fourth of tlie population so important a 
cause of sickness and death in the presphygmomanometer era’ Have 
our measurements disclosed a condition that u-as aluays there or do they 
reveal an increasing menace’ 

In the terms of the above hypothesis the blood pressure readings 
point to a change in the social climate a change in tJie disposition of 
human relationships One bit of evidence that points to the existence of 
a change in the prevailence of arterial hypetension is to be found in the 
fact that Austin Flint a cardiologist of wide experience and repute spoke 
of angina pectoris as a very rare condition met with once or tivice 
in several years of practice Since angina a long recognized syndrome 
is an index of arterial disease the inference seems justified that esseiui il 
hypertension the chief factor leading to artcnal disease was also rare 
Several years ago the late 'Willnm Mayo addressing tlie medical section 
of the American Medical Association spoke of the alarming increase in 
fatal vaiscular accidents among surgeons Mayo quite definitely indicated 
that there was soinetliing in the surgeons work an environmental factor 
which predisposed to vascular disorder bul the relief ihai he was asking 
medical men to seek lay in the direction of establishing a sounder attitude 
of the surgeon toward his work 

Social Climate and Attitude A survey of such literature as refiects 
the emotional attitude of people by decades and centuries strongly sug 
gests that there has come about a change in social climate and attitude — 
an abandonment of the conception of the good life as being a balanced 
life a life in which anything too much anything in excess was to be 
shunned a life in which order measure proportion v ere emplnsi^ed 
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It uoiild be idle to tr) to put ones finger on die spot uliere i change 
m the notion of ivhit constitutes t good life took phce but wc nn 
point to Tlieodoie Roose\elt is the spokesman of our present conception 
of good life as embodied in his phrase the strenuous life If such 
a change in attitude reall) occurred it doubtless occurred gradually 
and T R s acclaim of the strenuous life only gave voice to an attitude 
already widely esteemed as ptaisewoiihy 

(In passing a brief jiause is permissible to comment on a thought 
that must arise m councciion with ihc historical incident that Theodore 
Roosevelt sucaimbcd to hypertensive disease at an age perhaps 10 or 12 
vears short of his e\pcctancy and so illustrated pungentlv the nicnt and 
defects of the strenuous life if sucli life naturally predisposes to arterial 
hypertension A case can v%ell be made out for the idea that a life full 
and brief is to be desired rather ilian one tranquil and prolonged that 
the gams to our pattern of civilization would be greater it we all ac 
reptert and practiced the doctrine of the sireniimis life that a Jess nicitlc 
some less dangerous way of living v ould entail a loss To assess the values 
involved in the question is scarcely within the doctors provinct The 
medical profession is committed to the notion that it is the doaors 
province to prolong life not to inquire whether life shouhl lie prolonged 
The physician can only point to the relation of cause and eflect involved 
in a course of action ) 

The suggestion has been made that a certatn social chin ite oi atimitle 
may be responsible for a using curve of aiicnal liypcrtension in the 
population of some countries and that this atmude is acquired ihrougli 
average social intercourse more than through any propaganda Is sucli 
a suggestion wainnied? How well warrantetl the suggestion is could 
be estimated if it vvere knovvn what incidence of arterial hypertension ts 
found m regions where a different social atimide prevails The facts 
tliat have been gathered concerning the distribution of arterial hyper 
tension through the woild aie not as well documented as could he wished 
Much has been written but statemems of the vsaiters give nnpiessions 
rathei than massive statistics Consideinble samplings of blood prtssuic 
leadings in large population groups have been leconled however and 
enougli to support strongly tlie belief tint gieat differences m die 
incidence of essential arterial hy|>er(ension cMsi 

It IS said that among 'Negro tribes of \fiica hung there all their 
lives out of contact with the whtlts essential hypcitcnsion is not found 
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It IS rarely observed in the populauon of India When I rvent on a visit 
to China in 1922 I was told by the medical chief of the Peking Union 
Medical School that I v\ ould not 6nd cases of essential hypertension among 
the Chinese Happening to remain in China for over four )ears v\i(h 
the opportunity to observe quite a large clinical material at the Hunan 
Vale Hospital in Changsha the hospital operated by the Medical School 
of the Yale in China enterprise practically no cases of essential lijper 
tension were found I recall a single exception in the case of a young 
Chinese ivoman i\ho had recently come to China from Boston where 
she had worked as a trained nurse and who had learned to use the expres 
Sion these Chinese as designating a different sort of people, she her 
self being an up and coming go-getter Arterial hypertension wais found 
among the Chinese to be so regularly associated with renal disease that 
a blood pressure reading all but sufficed for a diagnosis 

Two studies that appeared in the Archives of Internal Medicine note 
the interesting observation that white men living in the interior of 
China gradually came to have blood pressure readings which arc normal 
for the Chinese and which show an average systolic pressure 15 to 20 mm 
lower than the normal observed m America Readings made in the 
course of periodic annual examinations showed a steady decline in blood 
pressure extending over several years after a man came to China and 
the old China residents generally had a systolic pressure of 100 The 
observation has been made (bat Chinese living in America have by 
and large the same kind of blood pressure readings as Americans Amen 
can Negroes are probably more subject to essential arterial hypertension 
than are the whites It is said that observations made in Shanghai show 
a certain incidence of essential hypertension but Shanghai is a w esternized 
city anyone who has been there can tell the striking difference between 
the social atmosphere of Shanghai and that of an interior city like Peking 
or Changsha 

Several explanations have been offered for the blood pressure observa 
tions made in China A writer interested in climatic influences tries 
to show that temperature changes in China are less abrupt than m 
western countries This climatic difference explains the situation This 
vvTiter cannot help knowing that blood pressure among the Chinese 
IS the same in subtropical SouUi China as it is in Mukden where winter 
temperatures go to minus 40® C (minus 40® F) A Chinese peasant in 
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Manchuria who sleeps on a warm o\en all night must experience as 
abrupt a climatic change when he xentures out of doors as a man meeting 
a norther on the western plains 

It lias neier been shoun that persons Jning in the equable climate 
of the Pacific Coast are less subject to essential hypeitension than those 
who li\e m the Middle West 

Diet A second line of explanation is sought m diet People living 
on a diet of rice and herbs must have lower blood pressure tlnn those 
eating a generous high protein diet This explanation doesn t meet 
the facts for the reason that the well to^o classes in China who are 
greatly given to the pleasures of the table and eat a very high protein 
diet have the same range of blood pressure as the half starved peasant 
The Westerners living in China who gradually develop the Chinese blood 
piessure levels had a diet scarcely distinguishable from that taken at home 
in the West 

Internists in America Iiave for some time pretty well ceased attempts 
at dealing with essential hypertension by dietary restriction While it is 
admitted that prolonged infection tuberculosis or typhoid will lower 
blood pressuie and tint in the same way insulficient diet by depleting 
energy will have a similar effect it is generally regarded as an advantage 
m dealing with the problem of hypertension that the therapeutic burden 
of selective dietetic restriction has been put aside 

One must be blind to deny that climate and diet play their part in 
making the individual or the group what they are It has been repeatedly 
shown both experimentally and chnicallv that a vitamin deficiency pre 
disposes animals and men to neuroses but a survey of the popuhtion 
even if limited to America does not indicate that incidence of arterial 
hypertension follovvs isotliermal lines or abruptness of weather change 
nor has it shown that the needy arc less subject to essential hypertension 
than the well fed 

Perhaps climate and diet do after all play a part in the causation of 
essential hypertension Biological questions arc not to be answered in 
terms of an absolute yes or no It is not known just where botany 
ends and zoology begins It is not even known whether viruses are 
living or not ^Ve get no further m considering questions of life and 
man tlian a statement of more or less The statement made is that it is a 
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good deal more true than less mie that climate and diet are not important 
and decisi\e factors in the production of essential arterial hjpertension 

Habit and Emotional Attitude Since these simpler explanations of 
die distribution of hypertension m die isorld popnhtion In\e failed 
It remains to consider the more complex explanation iniohed in the 
conception of habit and emotional attitude Just nhat do these terms 
mean from the standpoint of the abnormal situation characterized by 
patliological physiology? 

WHAT DOES PSYCHOGENIC MEAN’ 

Before discussing this question time out must be taken to speik 
briefly of some unspoken presuppositions that underlie most medical 
thinking 

Most doctors do not regard man as an animal inliabited by a ghost 
In the past true enough psychic has been taken to mean ghostly, uuh 
lesults for medical practice that Ime been ghastly as Adolf Meycri 
pointed out years ago m his notable paper The practical result of 
making psychic mean ghostly is to destroy the doctor s interest in psychic 
problems and corrode his sense of responsibility for tlie outcome of psychic 
situations 

AS hen the modern physician uses the uord soul he is not thinking 
in terms of simple supematutalism of a ghostly inhabitant of the body 
but of something much more abstract~namely of interactions of rela 
tionships These interactions anthm the body are chiefly earned out 
through the mediation of the nervous system The interactions which 
are designated as psychic and which form tlie theme of psychology are 
chiefly relations with distant things for the most part witli other human 
beings Even thinking which might seem to be a private affair involves 
the use of words and words arose through communication with other 
men Thinking is a kind of discourse m which the words which came 
into existence for the purposes of communicating with others arc 
employed m soliloquy \\e employ words as symbols and by means of 
them w e can rehearse acuon 

John Dewey pointed out in his address to the internists of America 
assembled in St Louis in 1937 that man does not end with his skin since 
those factors that constitute man as a person consist largely of interactions 
with what IS outside lus skin Essential hypertension for instance from 
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the ps)choIogic standpoint is to be legarded not as nn isolated plie 
notnenon but as the terminal manifestation of interaction \\ith a laige 
social background Taken m isolation it is bound to be misinterpreted 
Taken as a ph)’siological reaction occurring uholl) uithin the human skin 
It will not be understood No moie iliaii respiration can be understood 
without considering the air respired no more than ualking can be under 
stood without reference to the sustaining earth no more than suimming 
can be discussed avithout regaid to water can an emotional attitude 
be understood without considering the human beings that are iniolved 
in it 

The doctor in so far as he becomes a scientist naturally gets to regard 
1 elanonships interactions as something to be dealt ivith just as the gram 
niai school child gets to think of multiplication and division as some 
thing to be dealt with W hat is peculiar about such things as nniltiphca 
tion and division is that the) represent operations to be performed 
the operation consisting of the development of relations between num 
hers The kind of things Uiat a student of physiolog) is chief!) con 
cerned with is rclaitonslups The doctor is likel) to think of essential 
hypertension as a tiling In fact u is a fairly complev senes of relations 
involving fluid in containing tubes varying pressures of waves and cm 
rent relation of vxsatetgo to penpfieral resistance a relation between 
intraarterial pressure air pressure m a lubber tubing pressure m a 
column of mercury as seen against a calibrated scale pressure on skin 
tension in the spring as recorded by a moving needle as observed on a dial 
a relation between observations made on one individual with obseivations 
made on groups of individuals In a v ord the whole affair is a question 
of intricate relationships the details of which might be far more wide!) 
gone into All this insistence on the obvious this long winded explana 
tion of what everybody knov s namely that the final figure arrived at in 
taking blood pressure is just a shorthand for recording relations that are 
developed in the course of a number of operations is gone into for the 
purpose of making explicit tlic fundamental importance of relationsinp 

When we discuss psychology we arc also talking about relations 
When a relation is represented by a symbol such as the syanbol for 
multiplication or division or the figures expressing blood pressure we 
tend tov\ard regarding a relationship as a thing As physiologists wt 
know that breathing means the operation of establishing relationship 
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between environing oxygen and body cells But we should remember 
that breathing ivas in Greek psyche, from ithich ue have p^ycholo^ , in 
Latin spirilus from which ue have spiritual v\hich represented m early 
ages the immaterial Breath was tint immaterial sometlnng that made 
the difference between the living and the imnimite Here again flmmn 
means breath and animal is what breathes The ancients made a phjsio 
logical relationship into what we now rc^rd as a psychological relation 
ship They considered air spiritual psychic though we know air to be 
material for physical and chemical study 

It would be belter for our thinking about psychogenic problems if we 
discarded the use of nouns which make things out of relationships and 
were to employ only adjectives since the adjective points to relationship 
and m fact m the usage of doctors it is words like psychic emotional 
active which are given preference over such terms as soul emotion 
mo\ ement 

It is of course natural for doctors to want to put their hnger on the 
place where relationships are established And so we are apt to think 
of the cortex with its sensory and motor branches in connection with 
intelligence of die thalamus and die autonomic system in connection 
with feeling of muscles and glands in connection with activity But 
common sense tells us diat walking is not understood by the dissecting 
muscles of the legs but only by considering an interactive relationship 
going on between legs and ground and that in the same way thinking 
does not reside m the cortex but consists in the interaction between 
a person and other persons and things 

The fact that the phenomenon of consciousness arises in the course 
of these interactions doesn t bother the doctor much because of his 
strong bias toward looking outward If however the doctor thinks of 
consciousness he mav think of it as a property of cortical activity just as 
contractility is a property of muscular activity The doctor deals con 
stand) with this property of consaousness altering the threshold of con 
saousness by the use of narcotics abolishing consciousness by the use of 
anesdietics regarding die degree of consciousness as a symptom of the 
ability of the organism to maintain favorable relations with environment 
The whole matter is an affair of relationships and can be thought of not 
in the simple relationships of pushing and pulling knocking into and 
throwing back leaning toward and away as we have psychological rela 
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tionships enshrined for us in the etjmology oE our ordinary speech but 
as existing more on the ph^siolc^ical models o£ the magnetic field and 
the ivave transmission oE sound and light by means o£ ivhicli relations 
uith distant objects come about 

EMOTIONAL RELATIONS 

Tins digression u as undertaken to make more explicit the doctor s 
position in regard to what is meant by psychic relations as being more 
complex but not more mysterious than other groups of relations uith 
which we constantly deal What is meant then by saying that blood 
pressure is influenced by emotional attitude’ 

Certain emotional reactions can be studied m the laboratory as 
Cannon has studied the emotional reactions of cats and dogs These brief 
violent emotional reactions measurably affect blood pressures They are 
not the kind of emotional reactions that lead to chronic arterial hyper 
tension tliey are the kind measured by the he detector 

All students oE hypertensive disorder have recognized cases of emo 
tional hypertension cases in which as a result of long emotioml excite 
ment or conflict the patient shows over days weeks or months an 
arterial hypertension which disappears when the emotional excitement 
has abated or the conflict is resolved These instances of emotional hy 
periension while they tlirow light on the subject of essential arternl 
hypertension are plainly not the situation existing m the majority of 
cases of essential hypertension In fact tlie existence of this pretty well 
defined group tends rather to obscure than to illuminate in the con 
ception of emotional attitude as productive of essential hypertension 
\Vhat is meant by emotional aituude as a continuous state is an 
habitual disposition of the thalamic autonomic component in human ac 
tivity a certain set given to activity a set or reaction pattern that is pro 
duced by the environing social habits Doctors because of their pieoc 
cupation with physiological leactions going on within the skin seldom 
take enough account of how much personality is a matter of social con 
tact of human relationships We doctors belong to what William James 
called the tough minded interested m crude facts in all their varieties 
insufficiently aware that the facts they deal with are largely relationships 
and especially unaware of the enormous influence on themselves and on 
their patients of social relationships 
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Since arterial hypertension has been spoken of ns n habit that is 
learned let us direct attention to the role of the social environment in 
the formation of habit The habit most characteristic of man is Ins 
use of uords TVithout words thoughts would be feu and vague if any 
and words are a social heritage Like every otlier activity the use of 
words involves intelligence feeling and action all three workinn- to 
gether But on the muscular side we see that when we have learned to 
speak one language the muscles involved in speech acquire sucli a set 
that It IS difficult when the muscular set employed in speaking one Ian 
guage has been thoroughly learned ever to acquire a new muscuhr set 
that will enable one to articulate correctly a new language The persist 
ence of a muscular set is seen not only as between different languages 
but between those speaking the same language in different places the 
difference m the speech habit of a New Englander, a Soutlierner and a 
Midwesterner An American going to England often acquires British 
speech habits to the dismay of his h'lends when he comes back home 
His muscular behavior patterns have been changed not purposely by 
social contagion 

Not only our habits of speech but our patterns of thinking and feeling 
are for the most part learned from our associations with men It is hardly 
necessary to say that if the Hitler youtli or Bolshevik youth had been 
reared in an American home his emotional attitude toward world affairs 
would be very different from what it is Only a httle reflection is needed 
to convince anyone that the role of intelligence in forming emotional 
attitudes is small as compared with the contagion of attitude that comes 
through close human relationships Since character is built up of the 
interaction of habits that have been learned since activity falls into 
patterns made up of habits since personality is largely constructed out 
of habitual vvaiys of acting it becomes inherently plausible and probable 
that a muscular set a pattern of muscular reaction such as is seen in 
essential hypertension should be acquired tlirough social relationships 

Physiology and psychology consider a living creature in action It 
isn t necessary to ask tlie question Why is there action’ Merely to say 
that the creature is living implies action interaction with his environ 
ment In man while never forgetting that we are talking about an or 
game unity we are accustomed to emphasize as the occasion arises in 
discussion one of three phases of his nature— intelligence feeling and 
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action ^Vhen he is nivike all these Uiree ire uiiiieclly and cooperatively 
at work 

Hov\ these three phases cooperate is a problem of psychology and 
John Dewey was not merely flattering the medical profession when he 
said tint as doctors ne occupy a very friorable strategic position for 
considering this problem It is not an accident tint the leading contnbu 
tions to the problems of psychology in the past generation have been 
made by physicians By Pavlov who calls Ins work on conditioned reflexes 
A Study of tlie Physiology of the Cerebral Cortex tliough this em 
phasis on the cortex may easily lead one to forget that he is also study 
ing a feeling tlie feeling of hunger in his dogs and an action the action 
of a gland in secreting saliva in oilier words he was studying the inter 
action of the whole dog with liis environment and disclosing many intei 
esting and significant analogies between these simple and more an 
alyzable situations in the dog and the vastly more complex interactions 
of man with his environment Another physician Freud has enriched 
OUT understanding and deepened our insight mio the problem of the 
interaction of conflicung emotional habits It would be noted that both 
of these great students of behavior were dealing witli habit situations tint 
are leained Both were interested in showing die details of how habits 
are learned In die studies of both it seems clear that first comes a feeling 
second cortical operation and last some form of activity Pavlov s work 
IS analytic of a simpler situation Freud begins VMth a situation already 
extremely involved Bodi arc concerned vviih habits— Pavlov with habits 
in formation Freud with habits long formed 

Given a living creature in action Ins activity if it is not to be chaotic 
and ineffectual must be directed along certain channels must be effec 
tively canalized Activity for the most part follows patterns determined 
in the process of evolution Physiological reactions are not generally 
learned though unfortunate vainants in physiological reaction are some 
times learned One of the most important questions that a doctor has 
to decide clinically is the question How much of certain reactions is 
learned and how much is inborn’ 

He notes that in the lower animals complex patterns of behavior 
develop without what we call learning —running flying swimming 
building of nests by birds dams by beavers honeycombs by bees ^\hcn 
we think of the bee and the ant it looks as though the perfect organism 
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might be one uiihout feeling or intelligence one possessed onl) of pat 
terns of actiMt) perfect reaction patterns to ever) stimulus it looks as 
though feeling represents a hindrance or impediment in the smootli 
continuous floa\ of ssell instituted habits a disorder!) clasli in habit as 
though feeling ueie a kind of malaise and in the same ua\ it looks as 
though conscious intelligence averc a malaise and arose through a threat 
to the adjustment of acti\U) Jt is a common sa)ing that wc do best 
uhat a\e do unconsciousl) and uitliotit emotion that our elTorts at 
learning and education arc gcntrall) in the direction of doing comph 
cated acts unconsciousl) 

Unlike animals a large part of mans behavior is learned So far 
from It being true that luimau nature does not change human nature as 
compared with animal nature is remarkable for ncxibilit) for plasticit) 
and foi Its capicit) to change Intelligent control of human nature 
docsn l concern mercl) tiiinking and skill m using skeletal muscles Edii 
canon begins with learning control of the autonomic nervous sjsieni and 
plain muscle \ pediatrician trams a bab) when to get himgr) The 
plain muscle of the alimcntar) tract is trained to go into action at stated 
times A bab) of two or three months is trained to have one bowel move 
ment a da) at a specified hour The housebreaking even of a dog involves 
training of (he autonomic s)stcm and it is worth thinking about in 
connection with the subject under discussion that a dog acquires con 
fomni) to the proprieties of civilirctl living qiiilc often without special 
training merel) througli an unguidcd learning of what plain muscle 
reactions the social situation calls for Tlic civilized man learns tmoiional 
control learns to modulate blind fear into the forms of prudence can 
non and rescrcncc learns to modulate blind rage into regard for justice 
and equit) or in ph)siological teams the cortex acquires guidance of the 
autonomic s)5tcm The cortex is at once master and servant of the au 
tononiic s)stein It is servant in lint llic cortex must find wavs to gratif) 
the urges that conic from the elder 5)sttm It is master m that the onl) 
wa) of keeping order among competing urges is through guidance fur 
nislied b\ the cortex 

These brteflv aic the fundamental prcsupposiitons with which a 
nietlicnl man approaches the considcraiion of ps)chologicvl problems 
tliough It must be atimiiied that Iiis constant absorption in concrete sit 
nations involving less complex patterns of rclUionsliip lends to render 
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him distrustful of his footing m the more complex field of relationships 
of man with his felIot\s 

A PLAN OF PROCEDURE 

What Is To Be Done^ If the considerations that hase been brought 
fonvard are not to remain fruitlessly academic, they must result m a 
plan of action 

(1) The futility of dealing with the problem of essential hypertension 
when the opportunity for studying the situation at the post moitem table 
IS just around the corner has shown that ave must transfer our attention 
to the beginnings To look in the faces of a group of young people and 
realize that a fourth of them avill die of hypertensise disease is a dial 
lenge to do something now And yet at more medical schools no serious 
attempt to deal with hypertension as a life pioblem for each student has 
been made 

Can we tell who aie probable hypertensnes^ Browaa and Hines 
thought the Cold Pressor Test nught serte to pick out potential cases of 
hypertensne reactors Obseraation of large groups o^e^ a period of years 
would show whether this hypothesis is conect The millions of youtli m 
high schools and colleges form the clinical material to be studied Ay man 
and Goldshine2 recently ha\e reported a much simpler tcclinic for meas 
unng hypertensive reactivity This brcathholding test is said to be more 
sensitive than the Cold Pressor Test and is to be preferred because it can 
be applied anyv\here without the need of getting ice v\ater and a suitable 
container for it As a fiist step in studying the problem of essential hyper 
tension, groups of thousands from different parts of the country might 
be cooperatively studied to show whether these tests actually mark out 
the potential hypertensives If the suspicion that the tesLs are \ahd in 
this regard proves to be true, the task of studying hypertension would 
be greatly lightened Of course a similar group v\ho were known non 
reactors v\ould need to be obsened for comparison The material studied 
v\ould be simultaneously grouped with respect to weight height ratios 
with respect to family history, and perhaps other factors— climate, diet— 
should be included in die survey 

( 2 ) Should It be disclosed as a result of these studies that hyjitr 
reactors to the test are especially prone to develop essential hypertension 
It would probably also be shovvn tliat some hyperreactors never develop 
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hypertension and some who are not hyperreactors do detelop it Hyper 
reactivity ^soiild merely mean a speaal sensitiveness to certain classes 
of stimuli just as predisposition to acquiring allergic reaction (a case 
of cellular learning) might never develop allergy in an environment 
where stimuli were absent and just as a person with little predisposition 
to "vUergy might become allei^ic in an ovenvhelmingl) allergic environ 
ment By the means suggested a clinical maternl must be isolated that 
IS in the early stages of essenual hypertension and the selection of this 
material requires great care since it is by no means easy to determine 
what IS a basal pressure what are significant fluctuations what changes 
are trivial and accidental It cannot be supposed that the potential 
hypertensives will all manifestly emerge during school years In order 
to study the problem successfully it will be necessary to continue obser 
vations on blood pressure throughout subsequent decades 

Such observations imply radical change m the attitude of medical men 
to their work and corresponding change in Uie attitude of patients to 
the need of medical care It implies a general acceptance of the notion 
of preventive medical care That such a shift of emphasis is by no means 
impossible is shown in the recent history of pediatrics Prominent pedi 
atncians say that 7o per cent of their income as physicians is derived 
from preventive pediatrics and are enthusnsuc about tlie improvement 
in results obtained by this shift in approach to clinical material Medicine 
has scarcely made a beginning in this obvaoiisly indicated direction but 
when such a beginning is made there ts no undertaking in preventive 
mcdictne that so readtly lends itself to the continuons lifelong medical 
guidance as does the hypertension problem 

(3) Such reorganizations of attack on the problem of hypertension 
can readily be effected If tliere is promise of fruitful results such a 
rearrangement would soon be entlmsiasticall) adopted The nnb of the 
question is Can anything worth while be done when it is found that a 
young person is Caking the path toward hypertension^ If nothing can 
be done to divert the young pierson from progressive essential hyperten 
Sion there is no use in discussmg etiological factors no use in merely 
plotting out a remorselessly inevitable course of events It is the belief 
of the vmter tliat when doctors come to apprehend the nature of the 
etiological factors come to take a humanistic view of psychological rela 
tionships as closely analogous to physiological relationships of emotional 
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attitudes as something learned as habits that hating been learned might 
be unlearned the) t\ill find effectue means o£ intervening to redirect 
the foimition of habits and attitudes that entail death as the outcome 
(4) Hou shall t\e conceite effectite means’ Every ph)sician has been 
faced uith this question Since ground for answering 11 has hardl) been 
broken the ph)sician shrinks from the practical difficulties which present 
themselves The case ma) be that of a vigorous extrovert sticnuously 
interested in getting ahead inherently resentful of any effort to impose 
restrictions on Ins attitude or way of life The case may be one of a timid 
introvert where any suggestion of dangers ahead might lead to the 
development of morbid anxiety The pliysician will ask himself If this 
situation has developed through exposure to a general social attitude 
how can J alter the social climate? 

The doctor patient relationship generally demands that the patient 
should ask help of the doctor should feel the need of help and be vMlhng 
to pay for it and that the relationship is awkward and unproductive of 
good if the doctor tries to force advice on those that have not sought it 
Furtlier plans for dealing with arterial hypertension are like most 
therapeutic plans in that they mean sacrificing present good and enjoy 
ment in behalf of future advantage But it is haid to make a vigorous 
young person believe that he should derange his attitudes alter lus v ay 
of hfe in respect of dangers that he 30 or jo years ahead a time that 
seems to him unimaginably remote He is not readily interested in a 
doubtful project that offers to prolong his hfe 15 years after reaclung 
what seems to him the advanced age of 58 

The difficulties which have just been presented could be greatly less 
ened in a group of people who are persuaded to submit themselves to 
the well warranted experiment of making their entire health concerns 
a matter of continuous guidance making the doctor patient lelationship 
not an outgrowth of the chance incidence of disabling sickness but a 
matter of confiding one s health affairs to an intelligent guide just as 
intelligent business men leiain legal advice to keep from getting m 
tiouble not merely to extricate them from trouble 

Even in the diffcult individual situation outlined above a tactful 
appioacli may bring about intelligent cooperation betv een doctor and 
patient Suppose that attitude of intelligent cooperation has been insu 
luted what would be the next step’ Obviously an inquirv into the 
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gaining control of the in\olunnry miiscnhr action of the arteriole 
through a perfected control of the skeletal muscle as outlined by Jacobson 
in Progressn e Relavation tull proxe helpful for understanding It may 
pro\e helpful to realure that the util to pouer as celebrated m success 
magazines and popular success psychologies constitute propaganda for 
emotional habits and attitudes uhich may in some instances be baneful 
and that the doctor himself may be a therapeutic agent of great \aluc 
if he can successfully propagandize and institute a different habit ilie 
habit of equanimity of Power through Repose (See Anna Payson 
Call s excellent popular book under this title ) AVhile any emotion repre 
senis some break of smooth Bou of feeling or action emotional attitude 
that leads to essential hypertension seems to be one m \ Inch a curb is 
placed on a strong need for action a sense of social urgency menaced by 
frustration Hard labor doesn t produce hypertension but sticss strain 
stming imply a need of action generated by social requirements but that 
has met with social obstacles 

The spliygmomanomeiei may sometimes ha\e seemed to be a preten 
nous affair which has sened to betray the natural piety that people feel 
for medical science Aet it may be regaided as an instrument able to 
disclose m us beginning a type of physiological reaction that mav lead 
to consequences and suW belter w may be i egarded as an instTument 
for the study of a psychological attitude which has lieen learned and as 
a means of telling us what progress we are making in our efforts to get 
a bad habit unlearned 
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patient’s life Jiistorj and emotional attitude. Is there an atiittulc of 
urgency menaced by frustration* Tins is a ticklish business, casil\ 
bungled. It insoUes subjecting to question cherished ^alues; \alucs 
ivhich, though recognized by the physician as habits that have been 
leanied, are identified by the patient with his \ cry inmost self. If a doctor 
tries b> explanation and persuasion to emphasize the \alue of calmness, 
steadiness, equanimity, impcrtorbabilit), it is pretty sure that belter 
acquaintance uith his patient will disclose a resistance to any alteration 
m certain concrete emotional attitudes. 

These attitudes ha\e risen in connection with ways of acting. The 
most natural was to alter them is tiirough definite changes in the patient’s 
actiMty, such as a different plan for spending one’s tuenty-four hours 
a day, a certain definite period to be given to deconccntraiion as a studied 
exercise In some instances it may be necessary to undertake an investiga- 
tion of the emotional attitude of a patient to certain persons with whom 
be IS associated. 

It must be remembered that emotion is directed towaid |)crsons, not 
lifeless objects ^Vc speak of the sensation of liiingcr, sensation of pain 
from a blow, but of emotions, of anger, love, cnv7, pity touaird persons 
Even the sex urge ni.iy be just a feeling until by imcrmiximc with many 
social and personal factors U becomes an emotion. The particular 
emotion to be dealt with may be one of shrinking, a lack of steadiness 
in grappling with the problems of daily life, or it may be an overwhelm- 
ing love of power. In anv case, a program of rcidutation is apt to require 
expenditure of time and effort. Fortunately, there is .i good deal of time 
available, since the development of liyjjcrtensivc habits is usually slou 
and insidious 

/Discussion IS onntied of the case of nialign.uu hvjicriension, wliicli 
is sometimes considtred as a desclopmcm of essential hy|)ertcnsion anil 
may be, though it setnis lo present a different sort of problem. j>ossibly 
related to infection ) 

The gravity of the threat olTcred by essential byjKrtcnsion vvill justify 
an alteration of occupation in an attempt to seek a calmer soci.a! environ- 
merit. The threat justifies our using our wits in every way we can to get 
a better understanding of what is meant b\ habit and cmotioinl attitude 
III the specific case before us. The study of habit as found in John 
Dewey’s ‘’Iluman Nature and Conduct." the study of tlie possihiliiv of 
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gaining control of tlie imoUintar) miiscuhr action of the arteriole 
through a perfected control of the skeletal muscle as outlined by Jacobson 
in ‘Progressite Relaxation’ \sill prose helpful for understanding It may 
prose helpful to reali7e that the ’ svill to pouer” as celebrated in success 
magazines and popular success psychologies constitute propaganda for 
emotional habits and attitudes atfhtch may m some instances be baneful 
and that the doctor himself may be a therapeutic agent of great salue 
if he can successfully propagandize and institute a different habit, the 
habit of equanimity, of Pouer through Repose (See Anna Payson 
Call s excellent popular book under this title ) 'W^hile any emotion repre 
seiits some break of smooth flow of feeling or action emotional attitude 
that leads to essential hypertension seems to be one in uhich a curb is 
placed on a strong need foi action, a sense of social urgency menaced by 
frustration Hard labor doesn’t produce hypertension, but stiess strain 
striving imply a need of action generated by social requirements but tint 
has met iMth social obstacles 

The sphygmomanometei may sometimes have seemed to be a preten 
tious affair uhich has served to betray the natural piety that people feel 
for medical science Yet it may be regaided as an instrument able to 
disclose in its beginning a type of physiological reaction that may lead 
to fatal consequences and still better, it may be regarded as an instrument 
for the study of a psychological attitude uhicli has been learned and as 
a means of telling us what progress we are making in our efforts to get 
a bad habit unlearned 
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LOW ARTERIAL PRESSURE 

B) Joseph H. Barach, M.D. 

Historical: Herophilusi (570 C.) ^vas tlie first to study pulse in 

health and disease. Ga!en 2 repeatedly declared that HipjKxrates paid no 
attention to the character of the arterial pulse. 

Cortisart failed to establish any relationship between peculiarities of 
the pulse and the heart, and Laennec stated that "exploration of the pulse 
is far from being able to gi\e an idea of the general circulation." 

Said Hope , 5 in 1848: "During the past 41^^ years, I have witien notes 
on the pulse in 10,000 cases." One wonders what the good doctor svrote 
in those 10,000 obsersations, when it is considered hou* little has come 
dosMi to us from the days before mechanical and recording dcsiccs. 
William Stokes^ said little that is impressive concerning arterial pressure 
and its clinical implications, and Sir William Broadbents wrote to Iiis 
brother, in 1884: "I took for my subject, 'The Cause and Consequence 
of Undue Tension in the Arterial System,’ a subject of immense impor- 
tance in which I have led tlie profession. I had a packed audience and 
have had ample evidence since of the impression my address has made. 
It has already saved many lives.” 

Although Hales, in 1708, inserted a glass tube in a large artery to 
determine the height to which the blood would rise, thus measuring the 
force within the vascular system, most of the clinical knowledge of 
arterial pressure has been acquired during the more than 35 to 40 years 
since the advent of the mercurial manometer. 

PRESENT STATUS 

Today, just as the mercury cohiiini in the tliermonicter indicates 
normal, subnormal temperature, and fever, so docs tlie mercury column 
in the sphygmomanometer indicate normal, low’, and high arterial pres 
sure Regardless of the frequency with which either phase is met in 
liealth or disease, the total medical knowledge remains inadequate umil 
all three phases are understood. 

(M9S) 
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^'^lnes for norrml pressure aie no^v estiblished ind the significnnce 
of high arterial piessure is generallj appreciated There is todi) also a 
plenitude of clinical facts concerning low arterial pressure but uhat is 
still needed is correlation and e\aIuation of tins knowledge When that 
IS fulij accomplished it iinj be that a master kev will be found and the 
cause of abnormal \ariations m health and disease mil be uncotered 
Once a basis for this functional abnormality is levealed many perplexing 
problems in mediane will be sohed for physician and patient 

The proper placement of any phase or samptoin in human disease 
is of really threat importance If lov artertal pressure is discussed as 
though it litre a disease entity then the practitioner of medicine util 
treat it as such Foituiiately, this vieu point tieier became established 
Arterial pressure nnations should therefore be regarded cither as esi 
denccs of altered physiological or as pathological funcuons 

Arterial pressure indicates the kinetic cneigy mthm the auers and 
It indicates relati\ely the pressure within the circulatory system Low 
arterial pressure is a chaiactcrisuc finding in certain types of apparently 
healthy individuals it occurs under varying conditions of health and 
disease Some clinicians believe that low arterial pressure does not occur 
in normal health 

Since up to the present time there is no final agreement concerning 
the etiology of low arterial pressure clinical analysis and synthesis goes on 
Tint v\hich is known seems to point to a definiie underlying cause other 
Wise hov\ are the many unrelated diseases and abnormal conditions in 
which low pressure is found (o be explained’ 

DEFINITION 

Common experience among clinicians has led to consensus of opinion 
that a svstohe pressuie of no ram Hg or lower when found in the adult 
human may be regarded as low arterial pressure ’While this is an 
arbitrary ruling valid objections have not been raised against it and 
no mm Hg is the generally accepted level at vshich low aricrnl pressure 
begins 

Dnstolu. pressure values have not come into the calculation because 
changes m its level seem comparatively insignificant Pulse pressure 
changes in this as well as in many other conditions have hkevMsc proved 
to be without wellKlefined clmicil significance ^ 
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If the definition is accepted that health is the state of an orgimsm 
in Inrmon) ivith its surroundings and disease is the state of an oi^nism 
in conflict ivith its eniironment in this instance a certain number of 
mdisiduals i\ill be found i\ith lou arterial pressure i\ho seem normall) 
adapted to the i\orld in which the\ li\c In this sense, lo i aTlerial pres 
sure exists both in health and disease There are men and uomen uith 
low pressures who seem to live and uork and play niihout disturbance 
of health It is true that the clinician maj discern certain esidences sug 
gestmg constitutional inferiority in these people but the indisidual may 
not be aware of inadequate health If he thinks about it at all he con 
siders himself as being of a different type with certain inherent physical 
hmitations but aside from that he may feel well and under ordinary 
conditions he is well The medical obseracr often wonders how such 
indi\idinls work as efficiently and as arduously as many of them do 
The arculatory factors whidi determine low artern! pressure arc 
presumably the same as those which arc responsible for blood pressure 
as a whole Physiology has defined arterial pressure as being dependent 
upon energy of the heart and resistance offered by the ]>criphenl circiiJa 
tion Total \olume of the blood its physical properties and elasticity of 
the blood sessels are likewise important factors From the siandjioint 
of the clinician respiratory function and body moicment should also be 
considered as forces of major importance 

PHYSIOLOGICAL CONSIDERATIONS 
Adaptability of Forces m the Circulation One fact always to be 
kept in mind is that the circulauon is maintained b\ three aciise forces 
of which the systolic pressure diastolic pressure and rate of the pulse 
are the outward manifestations It is equally imjxiriaut to recognize that 
iliese three forces normally act in unison by reciprocating to cadi other 
Thus It IS when systolic pressure falls diastolic pressure and pulse i"itc 
tend to rise \\ hen diastolic pressure rises ssstohe pressure automatically 
tends to recede and pulse rate slosss When both systolic and diastolic 
pressures rise the pulse rate tends to fall This adjustment occurs in 
health and in disease e\er\ miniiic of the day and if for an\ reason ihis 
adjustment cannot be made strain and a brcakdowai sootier or later will 
follow Thus It IS that this triad is constantly at work and should he 
considered as inseparable salucs 
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The purpose oE this consnnt adjustment is of course the maintenance 
o£ cardnc output and blood flow throughout the 24 hours under ill 
conditions and in response to the ph)siologicaI needs o£ the organism 
It IS notei\orthy that these changes are actually accomplished uithin a 
total variation of less tlian ten per cent Thus tlie changing needs of the 
organism due to posture digestion respiration chemical and nervous 
stimuli are met to maintain a constant physiologic equilibrium of the 
organism 

The blood pressure readings record these vanauons The patient who 
has somehow learned the level of his blood pressure and insists on knois 
ing what the findings are may fail to understand the meaning of this 
physiological V’ariation and may come to look upon the whole procedure 
with askance A well known columnist of the day told tlie story of his 
visit to a doctor in the morning who told him tliat the source of his 
symptoms was low blood pressure This wonied him so mucli that later 
m the day he sought another physician who after taking his blood 
pressure said to him The trouble with you is that your blood piessure 
IS too high Whereupon the poor man cried unto himself A plague 
on both your houses and on the following day filled a newspapei column 
with his opinions about patients doctors and blood pressure readings 
What to him was a demoralizing jigsaw puzzle had the elements of truth 
but these truths were not put together for him m an understandable way 
He should have been told that lus nervoxisness and his aiiMety or any 
other physiological adaptation will produce sucli variations in blood 
pressure in one day and that it is natures business to do so or else 
he would soon be m trouble 

It IS a cause for cntiasm in clinical medicine tint systolic and 
diastolic pressure readings are not always accompanied by a statement 
of the pulse rate without which a complete interpretation cannot be 
made Not only for dngonsis but for prognosis as well does the pulse 
rate give additional information Personal experience has proved that 
the rate of the pulse is one of the most valuable fictors upon which 
to base a prognosis in high arterial pressure 

The Energy Index In present-day conceptions of the dynamics of 
the circulation clinicians think in terms of an elTicient circulauon where 
all the factors are within tlie normal range They think of high arterial 
pressure as a state of overwork and strain of the cirailaiory apparaius 

■*—14 
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and of low arterial pressure as a stale of circulator) inefficienc) accom- 
panied b> t'arious arculator)- and s)stemic disturbances. 

Since blood pressure readings are eoluatcd in measurable and quanii- 
tati\e \'alues, it uould seem adsantageous to be able to express the find 
mgs in quantitative terms. A sjstoUc pressure, reading of 220 mm. 
has a definite meaning in clinical medicine, and a diastolic pressme of 
120 mm. Hg is likewise significant. Equally so is a pulse rate of 120 
as contrasted with a rate of 80 beats per minute. The clinician of todat 
accepts these values without question and is guided b) them in his in- 
terpretation of disease. 'When all is said and done, these are comnionK 



Fjciie I Graphic rcpmcntUion of t> pul«e each l*cai 
coiKlumj; of a force of 200 mm Hr 


accepted values in lus dail) work. Along with these, v-arlous formulas 
have been proposed from time to time for measurement of the pulse 
pressure-pulsc me ratios, as ncJJ as pulse pressure ratio to s>stobc pies 
sure, diastolic pressure and pulse rate. From such calculations, attempts 
have been made in the past to calcukatc vel<H:it) of the blood flow, work 
of the heart, and circulator) efficiency, f/p fo f/iis tone, it mny be said 
that these abstract calculations have produced little that is 0/ pertnauciil 
value, and that today, there is not yet a formula which truly tndicnies 
the work accomplished nor the efficiency of the circulatory apparatus. 

There is a method of calculation, first described in jpi } as the Kiicigy 
Index,"- f which may be considered here, and one which does have a 
certain value in this connection The cnerg) index is based on the 
three values which are of admitted clinical significance: The s)Stolic 
and diastolic pressures and the pulse rate. If in a given case, tlic lifting 
force of the s)stolic phase of the heartbeat is 120 mm. Ilg and the 
diastolic force is 80 mm. Hg. then ilic force behind the emirc puhe 
beat is represented b) 200 mm. Hg (Fig i) . 

^\^len there are 72 pulse beats, comprising 72 svsioles and diastoles, 
then the force for the whole minute is 72 X 200 = i i^jco mm. Hg. 1 his 
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1 { 400 mm Hg presssure is an index of the energ) expended b) the 
circuhtory sj stem it is not 1 measurement of the total force An e\tcnsi\ e 
application of this forrauh to aserage liealthy induiduals'' resealed tint 
the normal enei^ index svill be found to be not oser *>0 000 per minute 
This formula indicates— it does not measure— the total expenditure of 
enei^ by tlie cardioaascular system 

"When this formula is applied to readings in a case of high arterial 
pressure the result is as follotvs 

Systolic pressure 180 -f- Diastolic pressure IIO = 290 
Pulse rate 90 X *^90 = 26 100 total 

In a case of low arterial pressure the follouing will be found 
Systolic pressure 98 -p Diastolic pressure 64 = 162 
Pulse rate 80 X =r 12 960 total 

Thus the relaiise energy expenditure of the cardiovascular system 
IS contrasted in a case of lou arterial pressure which is i^qGo with a 
case of high arterial pressure which is •»6 100 mm Hg per minute 

A high index means increased cardiovascular effort Either the 
action of the heart and blood vessels is accelerated because of inability 
to accomplish then work at a normal rue of activity or they are fully 
capable of doing their vvork but the resistance to their functioning iv 
great In either case a greater than normal amount of energy is expended 
and wiili this there is an accomjxuiying increased wear and teai on the 
circulatory apparatus 

A lov\ index means either that the circulation is accomplished vMth 
little expenditure and waste of encigy or there is an inabiJiiy 10 expend 
the necessary effort because of physiologic alleiation and disease Nat 
urally a slov\ pulse rue means a longer period of diastole and a longer 
rest period between each systole 

Low arterial pressure is a clinical phenomenon charactented by a 
low energy index of the circulatory system \ lovver energy expenditure 
so long as it IS not the failing energy induced by disease is indeed a 
conservation that is beneficent As will be seen in the discussion on 
prognosis these patients actually carry on for a longer time than tliosc 
whose circulatory system is more responsive to the stimuli of the day 
but VMlh greater wear and tear and more ultimate damage 
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ETIOLOGY 

The impelling question that anses at this point is this Why is it 
that m n\o human beings luing under exactly the same conditions sub 
jected to the same atmospheric pressure of 15 lbs per square inch on 
all sides, controlled by the same chemical and biophysical forces, one is 
found with an arterial systolic pressure of 200 mm Hg and the other 
carries a pressure of only 100 mm Hg? Is this fact in any way comparable 
to the n Driving of a high pressure and lou pressure engine in the field 
of mechanics and physics^ Is the explanation to be found m something 
like the ratios of narrow bore and long stroke of the high pressure engine 
as compared to the ivide bore and shorter stroke of the low pressure 


Gaso/ine Enguie Comparable to Cardtmascular System 

Narrow bore + long stroke = h gh compression 

comparable to vasoconstriction — high arterial pressure 
W ide bore + shorter stroke lo^v compression 

comparable to vasodilatation low arterial prc<8ure 
Gasoline + normal air and o^j-gen » normal poner 

comparable to glucose + otjg:en — normal energy 
Gasoline 4* air and more oxygen » greater power 

comparable to glucose + more o<> gen - more energy 
Gasoline -f less oxygen reduced power 

comparable to glucose + less oxygen less energy 
Gasoline 4- ethyl 4- oxygen = maximum power 

comparable to glucose 4- hormone 4- oxvgen ■ maximum energy 

engine^ Is it perhaps in the character and quality of the fuel or the 
air oxygen mixture? Or after all, will the complete answer be found in 
the type of engine plus the quality of die fuel plus the amount of 
atailable oxygen? This analogy may seem xery crude until we review 
the available facts concerning low arterni piessure and then we sud 
denly realize the counterpart in each of these two mechanisms and 
their similarity, as xvill be seen in the latter part of this discussion 

INCIDENCE 

In Health The incidence of low arterial pressure m groups of 
healthy people show s a surprising constancy Extensu e obsen ations rev eal 
the fact that in a cross section of population it the ages of 17 to 30 
the incidence of low arterial pressure was found to be about 3 5 per cent, 
varying iMthin the limits of 1 8 to 6 per cent 10 These x^alues haxe been 
obtained in students, army recruits and similar groups They are there 
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fore assumed to be true for the geneml popiilatjon at those ages On the 
other hand a group of apparentl) healthy bank clerks at similar ages 
coming out of the same general population showed a sinking difference 
In this special group 38 per cent of males and 55 per cent of females had 
a blood pressure of 110 mm Hg or less 

This IS most interesting One explanation is that the indixidual 
with a constitutional tendency to low arterial pressure unable or unwill 
mg to cope with the rugged issues of life desires seclusion and protection 
Knowing that these conditions can be obtained within tlie walls of the 
counting house he or she grasitates to such an occupation Once there 


TABLE I 

Incidenci: of Low Arteriai. Pressure in \arious Groups 


Chit 

Exam fj 

Xrttral Press re 
JlOarLess 

' 1 cideree 
' Per Ce t 

ti!/er 

Students n ale 

1 

30 ca<es ; 

40 

Dsrach and Marks 

Students male 

1100 

24 cases 1 

2 1 

Darich and Marks 

Recru te (31 S96) male 

' l3tS 

cases 

9 6 

Barach 

Recru ts (27 224) male 

lOlC 

24 cases 1 

■» 3 

Barach 

At ators male 1 

1000 1 

IS cases 1 

1 S 1 

Hama 

Students male 

6000 

132 cases | 

22 

Alva re* 

Bank c]erka male . 

105 , 

41 cases { 

33 0 1 

Baracl 

Bank clerka (emale 

160 

94 cases j 

1 

55 0 

1 Barach 


the limited space m which they spend the day limitation of muscular 
and respiratory mosement added to an alreadv existing tendencs pro 
duce the final striking result 

Of course the lesel of 110 mm Hg or less has been arbilraiily diosen 
as the beginning of low arterial pressure We ha\e accepted tint lesel 
here largely because of usage by the medical profession as a whole in 
order that we may all be speaking in the same terms and to asoid con 
fusion There is much justification in saying that since a Ie\cl of 110 
mm Hg IS compatible with apparent good health we should adopt 
100 mm Hg as the lesel of low pressure but this ^^ould throw out of con 
sideration a great deal of work and data that has been acciimiihtcd 
o\cr the past 40 years The clinician is ssell aware of the clement of 
rehtisit) here and alloivs for this in liis interpretation and evaluation of 
the patient and his disease 
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In Disease In i previously heilih) individual when low arterial 
pressure is brought on by disease it is assumed to be due to the cardio 
vascular depressant action of that disease In an individual borderint» on 
low arterial pressure the cause maj even be a minor one 

The following tabulation suggests the various ph)siological and patho 
logical states in which low arterial pressure is encountered and the condi 
tions which tend to produce it 


In Health 
Infanc) 

Childhood 

■\dult consiitiuional t)^e 
Racial tcndenc) 

Gcc^apbic locavvow 
Climate 

•\tmosphenc conditions 
Bod\ weight 

In Disease 

Constitutional diatheses 
Disorders of respirator; s)stein 
Disorders of heart 
Disorders of blood vessels 
Disorders of blood 
Chemical 
Ph)Sical 
Morphological 
Endocrine system 
Disorders of nutrition 
Diabetes 
Deficiencies 
Cadiexias 


Body build 

E^erclse 

Posture 

Respiratory system 
Htarv 

Bloodvessels capillaries 
Autonomic nervous system 


Physical and nervous exhaustion 
Shock 

Medical 

Surgical 

Acute infectious diseases 
Chronic infections 
Focal 

Tuberculous 
S) philis 

\cute intoxications 
Chemical agents 
Food poisoning 
Drugs 


CLINICAL GROUPING OF CASES 
In a recent group of 1863 ambulatory general medical cases in private 
practice 253 showed low arterial pressure This is about four times as 
many as would be found in a similar sized group of well people as our 
previous findings indicated 

Some allowance must be made for the accompanying classification of 
these cases Individual experience and diagnostic acumen might lead one 
worker to place a case in one group while another might place the same 
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patient in one of the other groups Tins is pirticularh true of the 
constitutional endocrine and focal infection t)pe of case 

In the reports of \arious unters on this subject it is clear tint nssoci 
nted disease incidence \aiies uiih geographic location in winch the oh 
ser\'ations ivere made, ^\hether the patients neie ambulator) or hos 
pitahzed and the ty^ie of case hkel> to consult the physician who made 
the reports 

TABLE II 

253 Casus of Loi\ Arterial Pressure 


Cltnuol Classififalion 


Constitutional t>pes including asthenics 

81 

Endocrine types 

1 60 

Chronic infections knosi'n localizations 

40 

Constitutional t}pes iiith marked gastrontesi nal s)mptoms 

‘>9 

Blood d>scrasias 

11 

BroncI lal asthma 

0 

Card ovaacular renal d sease 

8 

Carcinoma 

4 

Lues secondar} 

1 

Psorias 5 

1 


SYMPTOMS 

Tiie symptoms m patients classified as low arterial pressure airy 
with the intelligence and psychologic background of tlie individual A 
list of the patients complaints may be as unreal as answers to a ques 
tionnaire In some instances tiie padent becomes an artist for the time 
being painting a picture for the doctor s benefit Some of these pictures 
aie drab and foggy v\hile others are done in gorgeous and flamboyant 
colors The physician on guard will separate the wheat from the chalf and 
give heed only to those symptoms which Ime true climcal significance 

The 3 5 per cent of humanity with essenttal low pressure ate of course 
m the front line of attack When unfavorable conditions arise they 
Will be the first to show symptoms Wliaiever the strain after it is set 
in full motion symptoms appear which may manifest themselves in any 
organ oi system of organs m the body The syanptoms may be localized or 
general The commonest of all complaints is loss of their former sense 
of wellbeing, and this is accompanied by early fatigue and physical 
exhaustion At times they have dizziness and motor instability Symp- 
toms referable to the mental and nervous systems are apprehension fears 
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ner\ousness insomnia imbilit) to concentrate often on anything but 
themsehes inattention and headache Some complain of tinnitus annum 
and neuialgic pains others ha\e intermittent abdominal pai is tliey com 
plain of aims and legs going to sleep and paresthesias 

Precordial pains at tunes indistinguishable fiom true anginal pains 
are a source of anxiety to patient and doctor They are apt to come 
on aftei the patient has done more tlian he should after taxation by 
physical or mental strain after overeating dnnLing smoLing constipa 
tion or any other stress It is stress and strain of any kind that these 
patients cannot tolerate 

Frequently this is the type of patient who says he is at Ins best towaird 
ev ening when tlie normal man and woman b^ins to notice the fatigue of 
the day These patients will go out to dinner where they are likely to 
ov ereat and smoke and take liquor and gather a good deal of momentum 
in the course of the evening By bedtime they are wide awake and wJien 
they finally do get to bed they are apt to be sleepless for two or three 
hours If tliey do fall asleep tliey are apt to awaken at $ or 4 a m and 
lemain vside awake These patients are sensitive to coffee and to tobacco 
Often they become addicted to the use of sedatives and somnifacients 
whicli leave them v ith mental depression and in a daze the following 
morning In some instances the patient experiences marked unsteadiness 
of gait after tlie use of such drugs In most instances more harm than 
good comes from their use Some have spastic constipation for which they 
take laxatives of one kind or another daily and this hypercatharsis may 
also be a cause of dizziness or giddiness to the point of disturbed loco- 
motion In tlie morning the rested individual is ready for a day s work 
but the patient with low artenal pressuie is only too often jaded and 
unfit for the coming day Thus a vicious cycle is established which keeps 
them m a state of misery and semi invalidism from which many cannot 
extricate themselves 

It should be remembered that these patients are not continuously in 
this low state They have periods of wellbeing which alternate with 
periods of depression During the depressed states the blood pressure 
reaches its lowest levels 'Whetlier a temporary fall in pressure is the cause 
of the entire episode or is only a part of it is not so easily determined 
that they do occur simultaneously is a common observation 
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Referable to the cardiovascular system are precordial pains, dizziness, 
palpitation, faintness, and s)’ncope. Referable to the digestne system 
are indigestion, abdominal discomfort from “gas” m tlte stomach or inies 
tines, spasticity, and mucous colitis ivitli its accompanying symptoms. 
Such are the usual complaints of tlie patient uith low arterial pressure 



The subject of precordial pains, or the “heart pains,” of these patients 
desei^es special consideration While it is often necessary to encourage 
them and allay their fears, there are times rvhen the doctor is not as sure 
of himself as he uould like to be, in telling the patient that his chest 
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pains are not of cardiac ongin Not infreqtientl) pains occur o\er tlie 
right chest as the counterpart of heart pains o\cr the left precordial area 
and this is aselcomed by patient and doctor as eiidence that the same 
hind of pain over the heart area is not necessarily of cardiac oritrin 

Many years ago the imter began charting carefully the chest pains 
precordial and others m a senes of organic cardio\ascuhr cases This 
study included arterial hypertension diseases of llie heart aorta and of the 



coronary \essels As im11 be seen in the accompanying illustration 
(Fig 2), there is hardly an area o\er the upper half of the body ivhich 
may not be affected by these pains It nais not long after this study 
uas undertaken that a composite chart of these pain areas (Fig 3) n-as 
found to cover the entire body outline, front and back 1 convincing 
evidence that referred surface pains in true cardiovascular disease have 
a vside and varied distnbuuon 

In the light of these studies and similar observations in the so-called 
functional cases and in patients vvitli low arterial pressure one should 
not deny too posiuvely the meaning and import of these recurring pains 
In fact, clinical experience has taught that the chest pains of neurotic 
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pntients should be studied just as carefully as other patients, because 
some of them u’ill surely end up willi coronaiy occlusions or cirdiovascular 
failure. 

LOW ARTERIAL PRESSURE FROM THE STANDPOINT 
OF THE HUMAN CONSTITUTION 

^Vithout a systematic grouping of the facts, the entire subject of low 
arterial pressure is a confused mass of disconnected obsei vations leading 
nowhere. It is in good order, therefore, to subdivide and arrange the 
available data in such a way that it will have more meaning and lead 
toward a better understanding. For this, the panel arrangement of 
Draper,! 1 as applied in the study of the “Human Constitution." serves 
admirably. 

1 . Anatomical and Pathoanatomical Panel: (a) Age: Infancy to 
old age is accompanied by a gradual rise in arterial pressure. Observations 
indicate that pressure levels tend to change at the epochal periods of life; 
puberty, maturity and menopause. 

(If) Sex; From puberty onward, when comparable groups arc studied, 
arterial pressure is found lower in the female tlian in tlte male. It is also 
true tliat the woman with disease involving her sex organs, will fre 
quently have higher arterial pressure than the woman with normal organs 
and sex diaracters. This was observed by Barach.io Alvarez, 12 and others. 

(c) Body Weight and Body Build: Most individuals with low arterial 
pressure are underweight. Reports of medical examiners for life insurance 
and those of many other observers indicate that this is a general rule. 

Our observations on tag cases of low arterial pressure reveal that the 
body weight of these individuals as compared to the normal standards 
for age, height and weight, was decidedly lower than the average normals. 
Of these tag cases, 105 were underweight, varying from 2 to 56 lbs. 
Twenty-two were overweight, varying from 4 to 82 lbs. and two were 
of normal average weight. Thus 81 per cent of our cases were under- 
weight and 17 per cent were overweight. 

It is not an uncommon experience to find a systolic pressure of go mm. 
Hg in a man 6 feet, 3 inches in height. Underweight may be said to be a 
characteristic of the typus hyposthenicus;iO and no doubt undemutrition. 
as in the case of the bank clerk, is a contributory’ factor in the persistently 
low arterial pressure case. 
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AVell proporuoned nomen show a blood pressure average oE lo mm 
Hg liigiier than thm vvomen I3 On the other hand there is i group 
of endocrine females with low arterial pressure who frequently are 
o\ en\ eight 

B> classjf>jng indnidinls is hyposthemc sthenic and Jiypersthenic 
It was found that those with low arteml pressures defimtel> belong to the 
h)posihenic t)pe Occasionally an individual of the hypeisthenic type 
IS found with low arteinl pressure but tliey are the evceptions Mistaking 
the obese fm the hypersthenic must be guarded against k nounal chest 
may be so covered with layers and pads of fat that it has the outward 
appeaiance of die hypersthenic whereas in tlie latter it is the bony 


TABLE III 

Pulse Rate in HO Cases of Low Arterial Pressure 


Ai ber Cases 

Pulse Rate 

34 

91) to no 

54 

so to 90 

52 

60 to 80 


framework of the thoiax and us wide and <leep contour which produce 
the characteristic cliestiness 

(d) Respirator) System Tlie respiratory system m the hyposthemc 
of the constitutional type shoi s a state of development in keeping with 
the shape of die thorax The reduced vital capacity of these individuals 
indicates that the respiiatory function is of a lower order of efficiency 
Uncomplicated asthma particularly in younger jiatients is frequently 
accompanied by low arterial pressure U is also in order here to mention 
the fact that in patients with dyspnea on evcrtion and cardiac decom 
pcnsation vital capacity is lower than normal Where there is both di 
mimshed vital capacity and a failing heart low or a falling arteiial pres 
sure IS the rule 

(t.) Caidiovascular System— Heait There aie more normal or slow 
pulse rales than fast ones in individuals with lov arterial pressure 
(Tabic 3) 

Physical examination and \.ray studies reveal the fact diat ilie con 
stmitjonal types with low pressure have a narrower and longer heart 
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tJnn the nonml TJjc gourd shaped heart is pin of the sJcndcr htnW 
of the h>posthenic It is the t)pe of heart found with cmcroptosis m the 
tuberculous ind not mfrequentl} in the coal miner i\uli silicosis In 
cases of Ioas or falling arterial pressures other than tint of the consiitu 
tional t)pe integrii> and functional capacit) of the heart and blood 
\essels determine the le^el to t\lndi arterial pressure descenris \\ hcie the 
myocardium or aorta is diseased lots arterial pressure should nnke one 
apprehensisc of a possible sudden fatality 

1 oscular System The normal or abnormal artery capillary or \tin 
and the degree of fibrosis in the \essel determines its elasticity distcnsi 
bility and contractility all arc imyiortant factors in determining arterial 
pressure le\cl It should be recalled here that only half the cases of 
arteriosclerosis shou high arterial pressure and tint in artcnosclciosjs 
uithout lugh arterial pressure or uherc the arterial pressure is Ion the 
work of the \cntricle is not increased i-* 

2 Physiological and Pathophysiological Panel (a) liesliratory 
System There are many relations bctucen respirator) function and 
arterial pressure As already suggested in the preceding paragraphs it 
IS inesitable tint the underdcsclopetl and liy|>ostlicnic thorax should 
produce deficient functioning of tlie respiratory system Diminished o\y 
g-n supply nhethcr it is brought about in ascending high altitudes 
sihcther it is produced m a closed chamber nith gradual reduction of 
oxsgen or replacement of the normal amount of oxygen hy carhon 
dioxide carbon monoxide or any oilier gas sshaicscr be the nio<lc 
of producing anoxemia fall of arterial pressure is the luesitahle rcsuli 
There are of course inmiinerable ssays of proilucing anoxemia Ii mas 
he the result of alterations in the cnsironmcnt or in the Using bcin„ 
Itself It may be exogenous or endogenous in origin Thus any funciion 
or any organ of the body may directly or indirectly take part in prodiic 
non of loss arterial pressure 

(6) 0\ygen and Co} ilhry Experimental csidcncc con 

ccrning the part played by oxsgen as a cause of capillary contraction and 
the pan played bs anoxemia in priMhiciiig dilatation is too solimiinous to 
quote The ssork of Meyer in iryoG and of Rothlin in ly^’O Ins been 
repeated and substantiated by many physiologists 

Rothhni" Ins shossn that in Ringers solution snthoui added oxsgen 
the isolated sessel is completely rclaxctl while m Ringers solution 
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through uhich oxygen is being passed, the vessel attains irritability and 
contracts directly in proportion to the amount of available oxygen. This 
contraction phase happens even after a relatively long latent period. 

Oxygen effect occurs irrespective of nervous influences responsible 
for vasoconstriction and dilatation, and irrespectixe of other chemical 
or biochemical vasoconstricting substances in the blood. 

Thus it is that anoxia is a factor in shock. Low o\)gen supply, 
paralysis of capillaries, diminished blood flow, falling blood pressme; 
wliicli, after reacliing a systolic level of So, b«:aiise inadequate to cany- 
on the cii dilation and after that, the manifestations of shock appear. 

Of great significance in this connection is the xvork of tlie staff of the 
United States Bureau of Mines at Pittsburgh in their studies on respiratory 

anoxemia. 13 

Chornyak and SayeisiS found that xvhen inspiied air is pooi in 
oxygen, or in asphyxia, alteied circulation, particularly vascular dilatation 
and stasis invariably follois*. 'When aspliyxia is induced by carbon monox- 
ide, there is actual edetna of the dorsal motor nucleus of the vagus and 
adjacent areas in the medulla oblongata and consequent lespiratory 
failuie. Taken as a wliole, tlieir Bndings clearly indicate that inefficient 
respiratory function and insufficient oxidation lead to dilatation of the 
capillaries. Dilatation leads to fall in capillary and xascular pressure and 
then to low anerial pressure. Accumulating evidences, both in the clinic 
and laboratory, thus point to a direct relationship between oxygen, 
anoxemia, capillary dilatation, and low anerial pressure. Many years 
ago, Greene and Gilberti^i slioxvcd that low oxygen tension causes a 
depression of cardiac function. 

Lavoisier’s discos erics proved that oxygen is the essential element 
in respiration and, therefore, of life and that without oxygen everything 
must stop. Today, it may well be asked, what motivates oxygen? The 
chemist and biophysicist are again working in a new field. They are study- 
ing the oxidation reduction potentials, the factor which makes oxygen 
available. Perhaps this will bring new clues to bear on some difficult 
problems. 

Atmospheric pressuie changes and heat have their effect on arterial 

pressure.20 

(c) Heart: Physiological disturbances of the heart, the arrhythmias 
fier se, cause slight or transient lowering of pressure. Their effect on 
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arterial pressure is proportionate to duration and sesent) of the irregu 
Iant> The accorapan) mg myocardial factor in tliese cases is of greater 
importance Pulsus altemans ivith low arterial pressure indicates gra\e 
myocardial damage 

(d) Aervoiis System The autonomic nervous system is a factor in 
low arterial pressure It is governed by certain higher centers and in 
turn It controls various functions along the lines of its distribution 
The studies of Ellis and Haynes^i point to the brain as a probable center 
of control Of tlie parasy-mpaiheuc and sympathetic svstems die htter 
IS probably more important inBuenang blood pressure through its 
excitatory and inhibitory effects on glands of internal secretion 

(e) Shock This need not be discussed here other than to mention 
that blood pressure reaches its lov\est level in shock and in syncope In 
shock the fall in pressure comes suddenly whether its cause is biochemi 
oil physical or psychic (See Cliapter \LM) 

(/) Blood— Anemia Anemia may be accompanied by low arterial 
pressure both happening in the same patient ‘WheUier it be acute 
anemia due to sudden loss of blood or chronic anemia from protracted 
bleeding or slow blood destrucuon die arterial pressure level is found 
at times to correspond to the blood picture 

Pernicious Anemia In a group of 2^ cases three pauents showed low 
arterial pressure dunng the penod of observation i e from the time of 
the first visit to the time of recovery under hver treatment In fatal cases 
low pressure would be expected in the late stages of die disease but low 
arterial pressure is not part of the clinical picture of dus disease Finding 
only three cases of low artenal pressure in 25 patients with pernicious 
anemia would seem to be in keeping with the observations of Draper 
who finds by actual measurements diat the diorax of the patient with 
pernicious anemia is deep and wide die opposite of die hyposdjemc 
type No doubt other important factors enter into die level of blood pres 
sure in these cases one being the enlarged heart of pernicious anemia 
A study of the blood in a group of 139 cases of low arterial pressure 
reveals that 78 per cent of this series had less dian 5000000 red cells 
that 3** per cent showed hemoglobin under 70 per cent and that 8g per 
cent showed a polynuclear count varying between gO and 70 per cent 
and only 8 per cent had a polyaiudear count of 7^ per cent or over This 
blood picture serv es as an index to the quality of the patient s tissues e 
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Inve in this suggestions of secondarj nnemia and a 1 oa\ polynuclear count 
which is consonant t\ith the genenl appearance and state of health of 
these patients 


BLOOD SUGAR— BLOOD PRESSURE 

450 CASES 



(g) Blood Sugar In 1934 the a\riler22 called attention to the ob- 
ser\auon that patients uith low arterial pressure have a lower than 
normal blood sugar Continued studies have verified these findings and 
have added to the stgnificante of this observation in patients vMth low 
arterial pressure Jt was first pointed out that in 2^ out of 2", laments 
the blood sugar was under 1 10 nig 31^ hours after breakfast The present 
2—35 
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stiulies jjicjijcle a scries of ir,o cases of lou' arterial pressure aucl a similar 
number of cases with normal and high arterial pressure. As chart (Fi". 7) 
clearlj shous, the lou pressure groups were tlic ones in uhich the lowest 



FtrtHE 8 Eftcct* of a “salt free" diel on l»loocJ pmuirc and tinnar) ch!ori<tc< 


blood sugars wcie found, and as the blotxl sugar reached higher lexcls, the 
arterial picssures s\erc found 10 l>e at the normal or abuse nonnal Icsch. 

In our recent compilation of a group of 30 selected cases of renal glj- 
cosuria in wlurb the blood sugar is iiu-ariably lower than normal, it is 
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Iike\vise revealed that the uncomplicated cases slioued lou arterial 
pressure 

In this connection it is of additional interest to note that lots arterial 
picssure is i characteristic of the Chinese people m ivhom diabetes 
IS comparative!) rare and usuallj mild 

Thus v\e have in these various findings tlie association of low arterial 
pressure and lov\ blood sugar 

(h) Chloride Melnbolisni To what extent is the chloride metaho 
lism involved in arterial pressure^ Numerous studies have been made 
of the chloride metabolism m hypertension and for many years the salt 
free or Iov\ salt diet was considered an inherent part of the proper treat 
ment of the hypertensive patient Looking back on the entire experience 
at the present time, it must be admitted that in most cases little of real 
therapeutic worth has been added to the patients wellbeing by a stiict 
salt control Nevertheless the elimination of salt from the diet certainly 
does produce a physiological effect While it may not be said that 
striking effects are seen m all cases yet it must be noted that m some tlie 
circulatory and systemic effects are very pronounced 

An example of this is to be seen in tlic following case Ralph McC 
aged 46 suffered with hypertension and nephritis He v\as one of a group 
of jsat/ents under obsenation fora {>criod of fne years during ubich time 
vse studied the blood and urine dilorides continuously and their relation 
ship to blood pressure As shown m Fig 8 there was a lime in the 
evolution of this patients disease m winch his chloride metabolism vvas 
involved and control of the diloride intake was follnv\cd In marked cirai 
iaiory and systemic effects 

On March 3rd he vvas placed on a normal protein modcritc fit diet 
nnd sufficient carhohvdnie to meet Ins caloric requirements With this 
he was given a salt free diet whidi means that no salt whatever was 
added m l/ie cooking since a conipfetcfv sodium dilonde free diet is 
almost impossible \s will be seen m the chart by May Slst the chlorides 
had disappeared compTctcIy from the urine and his blood dilonde had 
(liminishetl from 520 mg to 280 ing By that tune his blood pressure had 
dropped from systolic 222 to systolic 100 nim Hg \\ ith tins salt dis 
appearance and fall in blood pressure he devclopetl cliniCal symptoms of 
a state of shock whidi were alanning Profuse sweats coldness of the e\ 
tremitics dizziness and inability to sit up were noted Sitting on the edge 
of the bed caused linn to slide off to the floor and attempting to stand and 
walk resulted in a fall To relieve these distressing symptoms he was 
given 3 Gni of salt daih which was prompily followed by disappearance 
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of his distressing s)'mptoms As the diari shoAvs ^vitlnn three sveeks a 
normal chloride output was reestablished svith simultaneous clinical 
improscmcnt After that on a measured Ios\ salt diet \ e svere able to 
maintain him at a 4 to 8 Gm salt output dailj and in n state of normal 
well being 

In the course of the following fise ^ears hts pressure graduill) rose 
as part of the solution of his disease until he finall) died with \-arious 
peripheral \ascular lesions including retinal hemorrhages renal liemor 
rhages and finally cerebral hemorrhage Here then is a case in which a 
too strict elimination of salt from the diet conserted a case of high nrierial 
pressure to one of low arterial pressure tsitli its accompanying clinical 
disturbances and symptoms 

(j) £jidocnn«— hat relauonship if any do we find bettvecn the 
low arterial pressure phase and the endocrine phase in these patients 
and are they interdependent or are they merely cotncidentaP A reticw 
of the cases m this senes of 253 patients avith low arterial pressure which 
are classified as belonging to the endocrine group Te\caU some inter 
esting findings First of all 61 per cent of the endocrine senes asere 
clinical cases of gonadal dtsturbance or gonadal insunicicncy Here we 
found young people with obesity siicli as is generally designated as 
pituitary disturbance Tiiere asere cases of cryptordndism abnorimlmes 
m the external sex characters and there a\ere clear cut cases of functional 
hypogonadism indicated by sex infantilism in the male and a’anous eai 
denccs of hypooaanantsm in the female Hypothyroidism folloanng 
thyToidectomy and cases diagnosed hypoidrenia a\ere also present in 
the group 

riippin and Smith'’3 recently reported seaen cases of Addisons dis 
ease in negroes in addition to sexen cases pretiously reported by others 
Eleaen of these came to autopsy and all of them revealed tuberculosis 
of the adrenal glands All the cases m which the level of blood pressure 
sras recorded had low arterial pressure of a marked degree 

Since the clinical syndrome of the various endocrine disturbances 
are in many cases multiple in character representing not an individual 
glandular disturbance it is yust as well at this stage of our knowledge 
to consider them as composite examples rather than instances of specific 
gland disturbances 

(j) Other Physiological ami Pathophysiological Functions—LserUon 
fatigue and physical exhaustion liave their influence upon arterial pres 
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sure Everj indmdtial, quiet or resting, atmns a basal le<el winch is 
normal for him There is a diurnal variation as i\ell During muscular 
effort, blood pressures rise m proportion to sevent> and duration of the 
effort and the fitness o£ the individual This rise continues for a variable 
period and is followed by recession to a subnormal level, which contin 
lies for a time As restitution occurs the blood pressure again rises to 
normal 



FictKE 9 Chart shoeing; maximum and minimum pulse- pressure in the erect anil honzoiml 
pcRiiions in a tjpica] case (Darach and Mirks Vrch Int Med) 

This chart shuus ihc cfferc of change of posture on the systolic (max.) and diastolic 
(min) pressures It ui)] be noted itut while in the erect posture, the systolic and diastolic 
pressures nere ai in eien Jeicl When the horuontal pmiurc was assumed the s)'5iolic 
pressure rose and diastolic pressure fell After fisc minutes when the erect ]>osuire was 
again assumed ihe systolic pressure fell and diastolic pressure went up Tlic venous pres 
sure as indicated by the broken lint follows Ihe level of the diastolic mher tlnn ibc 
sysioUc pressure is is lo be expected 

(A,) /’ojhtrc— Change of posture is accompanied b) alteration in 
systolic and diastolic pressure and pulse rate--! These adjust themselves 
m a short time Those with poor musculature and low vasomotor tone 
do not lespond as promptly nor m the same way as those who are pitysi 
cally fit A healthy man put to bed will have a fall in arterial pressure 
which will return to nonml as he resumes Ins normal activity 
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(/) Orthostatic or Postural Hypotenswn—This has been described as 
a clinical syndrome in about 20 cases during the past few years, although 
It was first delineated by Bradbury and Eggleston 25 m 1925 Time ^\ill 
tell whether this condition really deserves to be considered as a clinical 
entity and whether postural hypotension will find a place in the nosog 
rapiiy of medicine 
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Ficlre 10 Chart «hotMng maMmum and mimmum puhe pressure in the erect am 
horizontal positions in another t)piC3l case (Birach and Marks Ardi Int Med) 



As reports on these cases make their appearance in medical literature 
the clinical components of this syndrome are described as (i) a fall of 
systolic pressure to tlie point of syncope when the patient assumes the 
erect posture, the patient being comfortable in the horizontal posture 
only, (2) an inability to sweat and greater discomfort during the sum 
mer months, (3) sloiv and unchanging pulse rate iMtIi change fiom 
horizontal to erect posture, (4) low basal metabolic rate, (5) high blood 
urea and nocturnal polyairia, (6) evidences of pathology in the central 
nenous system and apotentia 
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The pathologic physiology of this condition appears to be a failure 
of the sympathetic neiaous system avhich normally controls \asoconstric 
tion, acceleration of the pulse, sucating gonads etc -i Of special inter 
est to the writer is the nocturnal polyuria ishich was almost iiuanably 
present in the reported cases Clinical studies ha\e slumn that ivlule noc 
turnal polyuria is ordinarily found in the hypertensne nephritic group 
of cases, it also occurs in patients iMth low arterial pressure 2C Tliose 
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Ficlrc 11 Clurt showing npid fall in pul«: pressure during the cxpeninent \ iili 
sincopc in six muiiKcs Rapid rise on plating ihejuiicnc 1 1 -i horizontal pmition (Iljrach 
and Marts trch Int Ifcd ) 



studies re\ealed that the causame factor in nocturnal polyuria was cir 
dilatory and that it was induccfl by slowing of the pulse prolongation 
of the diastolic phase and alteration m the pulse pressure timing tlie 
horns of sleep all of which led lo the filtration of more water ihrougli 
the kidneys Urea and chlorides in the blotxl content and urinary output 
re\ealed no constancy in either direction 

In tlie cases of orthostatic or postural hypotension studied and treated 
thus far, as reported by the aanous avnters,27, 2S 20 so best results wcie 
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obtained by the use of ephednne sulfate, benzedrine sulfate and neosyn 
ephrine hydrochloride Of these, the htter seems to have been most 
effective 

(m) Sleep— There is a distinct fall of lo to 12 mm Hg arterial pres 
sure after the fourth hour of sleep just as there is in the pulse, respira 
tory and metabolic rates During sleep muscular movement circula 
non and oxidation find their lowest levels of the day A very telling ob 
servation is recorded m a recent book by Agnes Smedley, ' China Tights 
Back As war correspondent witli the ‘Eighth Route Army, in the 
Japanese invasion of China m 1937 38 she relates some facts concerning 
the Chinese people as she saw them in large numbers 



rifURE l” Tlic aubj«c( dirf not tvaVe up during ihe ti ght I ut hit muscles Vvere am isol 
by ihe external noises It mav hate been dreams that caii<:cd il e other increases In his 
miisaitar tension from time 10 time (Laird and Vluller Sleep John Day S. Co Inc) 
Ficlm; 13 ITie n ght on iih ch th $ test iias made Mac hot and noisy Nonce the 
sudden rnce m blood pressure during the eource ot the n ght TI e upper curse is for 
systolic blood pressure ihc lot cr cune for diastol c pressure Hoili ciinTs are for ihc same 
sieeper Notice Mint the iinisc o( the truck and milLmnti d d (laud and Muller Sleirp 
John Das R Co Inc) 

I tlien lay awake watching the dark forms of the men about me 
They lay without moving, hour upon hour This interested me I think 
most people tumble in their sleep The Chinese peasants and workers 
he for hours quiet and unmoving I dunk that some of tliem do not 
turn over all night long I have slept side by side with them many nights 
and I have not seen them move' 

In contrast to this observation concerning the Cliincsc, kymographic 
studies made on a group of young Americans at Colgate University 
revealed that the average male subject moved suniciently in his sleep 
to jar the bed sin times per hour and the average female moved 30 i>er 
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cent less 'W^ith tins degree oE muscular activit), tliere ^vas a correspond 
mg rise and fall in s)stolic md dnstolic pressure and pulse rate, as shotsn 
m Fig 13 For the majority oE young and healthy subjects the systolic 
pressure ranges under 100 mm Hg during sleep 

These obser\ations on a {>eople who are Lnoun to ha\e lotv arterial 
pressure and among ;\hom high arterial pressure is a rare occurrence 
contrasted isith the findings in an American imnersity where high ar 
terial pressure is pre\alent is of clinical interest and impoitance 

(n) Race— It is a well established fact that certain people of the Last 
have lower arterial pressure than those of the Occident In 500 Hindus 
McCay 32 reports an aaerage blood pressure varying from 90 to 105 
mm Hg 

Foster^s has found that Chinese have definitely lower blood pres 
sures tlian Amencans Out of a group of 35 Americans icsiding one year 
m China 23 showed a definite fall m pressure Cuing a number of spe 
cific cases one fell from 145 and 140 doivn to 128 and 120 mm Hg one 
fell fiom 140 and 135 down to l•»5 and 108 mm Hg after two years 
one a woman from 120 in United States down to 88 mm Hg in China 
An important observation on this point comes from the Sun Life 
Insurance Company whose records show that m 1000 jiolicies the blood 
pressure values were constantly lower m Chinese than in the white popii 
lation It was also noted that there vvas an absence of symptoms due to 
low arterial pressure in these cases 

Of the various explanations offered for the low arterial pressure of 
the Chinese as a people the following reasons have been proposed from 
time to time (1) Lighter weight of the Chinese (2) smaller stature 
(3) lowered muscle tone (4) racial endocrine differences (5) low pro 
tein and low salt diet (G) climate and lower vasomotor lone (7) ab 
sence of nervous strain It should also be noted here that many of the 
the observations on low arterial pressure were made in cities which are 
not m tropical areas Peking for example is in the same latitude as New 
York 

TungS-i has also observed that when Americans take up residence in 
China their blood pressure falls to a lower level In a scries of 58 Amen 
cans who had lived in China for a year or more the average fall of systolic 
pressure was g mm and diastolic pressure 11 mm Hg Sixty four per 
cent of his senes showed this fall 
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There is a unanimity of opinion that tlie fall in arterial pressure is 
not due to dilatation of peripheral \essels nor change in diet or personal 
h>giene. Most ^mters tend to behe\c that the important factor resides 
m the central nervous s)siem and ps)chic life of the individual. Mental 
and ps>chic influences over tlie innervation of the cardiovascular svstem, 
perhaps by uay of the endocrine system and metabolism, are believed 
to be the chief factors. 

Under the discussion on blood sugar, it was already noted that the 
Chinese are relatively immune to both high arterial pressure and dia- 
betes, both of which are accompanied by high levels of blood sugar. 

Interestingly enough, Japanese have a higher level of blood pressure 
tlian the Chinese, for they have taken on a more western mode of living, 
and they have submitted to greater regimentation. It has also been sliown 
that hypertension among urban Japanese is nearly as frequent as in 
Amenca 3 S U seems that those people xvho have not yet been influenced 
by modern modes of living, those who remain attuned to a quiet life 
and those xvho arc content xvilh the simplicities of life, may continue to 
escape the onrtishwg pressures whtch are overu’helming modern man. 

The Dean of a School of Medicine in China related to me, some time 
ago, the vigor and enthusiasm w'lih which he first returns to his work 
after a leave of absence to America. On bis return to China, he finds 
himself moving fast and with a keen desire to get tilings done, as he had 
been planning them while away. He then notes that those about him do 
not seem quite so enthusiastic as he would like and tliat some even look 
with mild disdain upon his feverishness and desire to do things promptly, 
in true American fashion. In a little while, however, he notes that he 
too is slowing up and after four to six months more, he discovers that 
he iias become definitely syTichroni/ed and attuned to the tempo of life 
about him All of which has brought him to the conclusion tint there 
is something in tlie entire atmosphere of living in China which induces 
easement, patience and a lowering of the pressures of life. 

(o) C/imfl/e— Arterial pressure is lo to 13 mm. lower in the tropics 
The physician in the subtropical and tropical climates secs more cases 
of low arterial pressure than one in the northern temperate rone. 

(J>) Occupation — of living and occupation have their influence 
on level of arterial pressure, Tlie writer has observed that nurses on 
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night dut) after a period of six montlis or longer ivill not infrequently 
de\eIop lou arternl pressure witli its accompanying clinical syndrome 
3 Immunological Pathoimmunological Panel («) Acute Infec 
lions Diseases—'Most acute infections are accompanied by a fall in pres 
sure It IS this lowering of arterial pressure from the \ery onset of the 
disease that makes standing or walking difficult or impossible and forces 
the patient to bed and that is perhajjs the mam reason why the acute 
febrile patient falls ashen he attempts to get out of bed 

(6) Acute CoWs— There is a marked fall of arterial pressure in the 
patient with an acute cold at the same time when he is complaining of 
muscle pains shi\enng cold liands and feet and general malaise at the 


TABLE 1\ 

Blood Pressure in Influenza, 


Cases 

tsi 

Da) 

Dav 

3rd 

Day 

1 

Day 

SO 1 

ns 1 

92 

S> 

112 


\ery beginning of these acute illnesses This is most marked in cases of 
la grippe and influenza \rtenal pressure reaches its lowest le\el during 
the course of epidemic influenza 

(c) /n/7uciJZfl— The i^Titers studies during the influenza epidemic of 
1918 showed that there is a progressnc fall of blood pressure from the 
first to the third day In fa\orable cases on the fourth day the pressure 
remains the same or begins to rise In a group of 50 such patients 10 all 
Iiad low arterial pressure the lowest systolic pressure being 72 mm Hg 
and the lowest diastolic pressure being 48 mm Hg 

(d) Pneumoma— In pneumonia the tendency to low arterial pres 
sure has been to some a constant source of apprehension so much so 
that the Ie\el of arterial pressure a\as used as a guide in prognosis 
It is not a true guide however Not infrequently patients known to 
be of the constitutional type that Iiave low pressure with its accom 
panying clinical syaidrome of years duration will go through a typical 
lobar pneumonia v ith evidence of reserve and with a good recovery even 
without a piotracted convalescence T\hen pneumonia develops m one 
who IS fatigued or exhausted from the very beginning of the disease as 
often happens then a low arterial pressure is of serious prognostic sig 
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nificance, and its meaning is comparable to the absence of lenkoc}tosis 
in the disease. A steady fall in arterbl pressure may indicate progressive 
myocardial failure. In tliat case resolution is delayed, the lung surround 
ing the pneumonic area is congested; it shows all the physical signs of 
moisture and edema that increase from day to day. 'With this there is 
marked cyanosis and its usual accompaniments. 

The other type of cardiovascular failure in sucli pneumonias bears 
the earmarks of vasomotor failure due to the pneumococcic toxemia. This 
type of patient, overwhelmed by toxemia, will show a falling blood pres- 
sure and a rapidly increasing and irregular pulse rate; all of which may 
terminate speedily even before die lungs become moist or vset and so^y 
with all the typical physical signs 


TABLE V 

Blood Pressure in Tvpiioid Fever 


Casej 
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Wetk 

Snd 
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Srd 

Week 

4 th \ 
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5 tk 
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Week 

81 

1 

9 J 
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83 

85 
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(e) Typhoid f'cncr— Typhoid fever is characterized by Ion pressure 
diroughout, as was shown by die vvTiter many years ago 3 C Here, arterial 
pressure descends to a loner level from week to week, as the disease 
progresses, reaching its lowest level during the fourth ncek; after which, 
as the disease abates, the pressure rises widi the iccovery of the patient. 

(/) Tric/unos/j— Comparable to the low arterial pressure of typhoid 
fever and influenza is the low level of pressure attained in the acute 
infectious stage of trichinosis. This was noted by GniberST in 1925 and 
CheneySS in 1926. Reports of recent epidemics by Spink and others 
verify tliis In the epidemic reported by Spink and Augustine , 30 12 out 
of 35 cases had a systolic pressure under 100 mm Hg and a diastolic 
pressure as low as 38 mm. Hg. For the group the average diastolic pres 
sure was 50 mm. Hg. A recent experience of die WTiter’s covering an 
epidemic of ten cases, two of which were fatal, illustrated this very’ clearly. 
With the fever there is profound depression and when one considers the 
degree to whicli the entire nervous system may be involved in this 
disease, it is readily seen how the v'arious circulatory controls can be 
altered and depressed 
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(g) Cliiouic Infections— Focal Infections— These are frequeniJ) found 
in patients uith low aitenal pressure They may be a contributory de 
pressing factor, but focal infections per se can account only for a small 
percentage of cases \ot infrequently tlie low pressure disappears wnth 
the improaement which follows remotal of foci of infection 

SYSTOLIC BLOOD PRESSURE 

682 OlAdCnCS 
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(h) Tuberculosis— Low pressure in (ufcerctdosis is aery common 
often the degiee of low pressure is in keeping with the se\erit> of the 
disease But low ariernl pressure is not a diagnostic criterion in cases 
of tuberculosis If one were to rely too much on the le\el of arterial 
pressure m the type of patient in whom tuberculosis is commonly seen 
he avould make many errors in diagnosis Various studies base shown 
that with the patients general improvement ilie level of arterial pres 
sure tends to rise to a higher level 

(0 SypJnlts—how arterial pressure apparently fiincuonal in origin 
or possibly due to the acme infection is nut mfrtquemh seen during 
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the secondary stage of s>plulis ^\hen the patient is toxic, meniall) de- 
pressed and discouraged. If and when a decidedly low arterial pressure 
is found later in the disease, in all likelihood such cases t\il! be found 
to ha\e an organic basis. 

(j) Diabetes Melhlus—Dinhctcs patients show normal, high or low 
arterial pressure depending not upon the diabetes, but on the patient 
who has the disease. The chart (Fig. 14) , basetl on a group of 682 
diabetics, indicates the blood pressure levels in the group. It will be 



noted that 12 per cent of the entire group showed low arterial pressure 
In part this incidence of low' blood pressme is due to the juvenile 
diabetics included in the senes, in whom low arterial pressure is pariicu- 
hrl> noticeable; first because of their )Ouih and in part due to the dis 
ease. Ever>da> observations in this disease have led the WTitcr to the 
conclusion tliat during the unconlrolletl period of diabetes, arterial pres 
sure is lowered and when a normal metabolic state is rccstablislicd. the 
pressure will return toward the patient’s former level. Diabetes vuili its 
h>pergl>cemia and ketosis, when present, lowers the arterial pressure. 

In the aged and in aricriosclcrotic diabetics, hvpergljceinia and the 
so-callcd bigh renal threshold arc of common occurrence. In such cases 
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It IS doubtful if tlie diabetic state can influence the blood pressure Ie\el 
and it IS still more doubtful %\hether such influence tvould be fatorable 
or desirable 

"While the leading cause of death in diabetic patients is guen as tint 
of the cardiovascular system (Fig 15) it must be recalled that v\e are 
still too much accustomed to think m terms of death as the result of 
cessation of the heartbeat and that death certificates aie too inadequate 
to be of real scientific worth The charts (Fig 15) compiled m 1931 
show how similar are the given causes of death m diabetes and those of 
the general population One needs only to glance at the recorded causes 
of death on a death certificate and then compare them with tiie post 
mortem report of a competent pathologist to see how much death ceitifi 
cates do not tell of the causes of death 

{/) Renal Glycosuria In one group of ®i unquestionable cases of 
renal glycosuna 13 had v\ell defined low arterial pressine t e under 
no mm Hg Of the other eight only one showed a blood pressure over 
igo mm systolic Tims we have here the association of low blood sugar 
and low arterial pressure 

THEORIES CONCERNING CAUSATION OF LOW 
ARTERIAL PRESSURE 

The foregoing observations cover much of the material evidences 
conceinmg low artenal pressure When at last an underlying factor 
common to all these conditions is found then and only then will the 
whole problem be understood Various explanations and hypotheses 
have from lime to time been set forth as the cause of lov arterial pressure 
Fnedlander 40 vshile of the opinion that tlie etiology of lov arterial 
pressure is nos yes worked out believes that loss of vasomotor tone such 
as is found in focal and in chronic infections is the outstanding impot 
tant factor He therefore pioposcd the hypothesis of capillary stasis 
due to the poisoning effect of histamine or histaminelike bodies 

Dally 4 l holds that physical and psychical efficiency depends on vitahtv 
of ilie somatic processes vitality itself depending on a state of metabolic 
equilibrium Disturbances of this equilibrium vvluch in tuin lead to 
vasomotor disturbances produce vinaiions m arterial pressure These 
variations lead to higher or lower pressure With tins in wind Dallv 
postulated his biological law of low aiiernl pressine low artenal pres 
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sure congenital or acquired temporary or permanent is ahvnys to be 
regarded as an expression o£ low vitality 

The ivnterio called attention to the fact that lohercver low arterial 
pressure is found there are suggestive evidences of lowered lesptralory 
function and diminished oxygenation The constitutional or hyposthenic 
type of indiMdual the typical patient v\ith lou arterial pressure is slender 
undersized undernourished nonathletic He has narron nostrils nasal 
obstructions a narrou chest poor and relaxed musculature drooping 
shoulders lou vital capaaty shallow and irregular breatliing ill of 
which tend to produce deficient respiratory function and a reduction in 
the diffusion coefficient of oxygen with lessened oxygenation Low 
arterial pressure is most striking in those acute infectious diseases in 
which the respiratory tract with m swollen mucous membranes and a 
reduced permeability to oxygen is part of the disease Here tlie previ 
ously normal individual develops low arterial pressure as the direct effect 
of his disease Acute infectious diseases of the upper respiratory tract 
influenza typhoid fever with us respiratory comphcitions broncho- and 
lobar pneumonia and other acute infections are accompanied by a marked 
fall in pressure Low arterial pressure is also common in uncomplicated 
chronic pulmonary disease In these and in other conditions in which 
low arterial pressure is found there are many oun ard evidences of 
interference with normal respiratory function and oxygen utilization 
Thus oxygen wnnt and disturbed functioning of the arcuhtory system 
from the smallest capillaries to the heart proper go hand in hand where 
one appears the other follows 

GLUCOSE— THE FUEL OF LIFE 

In 1934 the writer*’*’ first called attention to the occurrence of low 
blood sugars in cases of low arterial pressure suggesUng its etiological 
significance Further observations have confirmed this viewpoint and 
emphasized its meaning It is becoming evident tint the essential role 
here is played by oxygen and glucose and behind these two there probably 
IS the endocrine factor If present-day conceptions of the pituitary influ 
ence ov er the carbohy drate metabolism or tlie parts play ed by the adrenals 
thyxoid and insulin meclianism prove to be correct then the endocrine 
hormones will come to be looked upon as catalytic agents which set off 
the spark for the metabolism in the presence of an available supply of 
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glucose and ox)gen. Of course, there is ahva^s the additional influence of 
the central ner\ous system behind all of this as tvcll as otJier vital 
functions. 

This plan may be expressed in the following diagram- 
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This conception brings us nearer to an understanding of the etiology 
of low arterial pressure, whether its origin is due to an inherent defect 
in the organism, in the construction or quality of its parts, or when it is 
the pathological by-product of a disturbed state of tlie organism due to 
some disease. 

PROGNOSIS 

A g)ance at the hyposthenic and Jjypotensiic type of individual 
(Fig. 4) quicUy suggests that his physical capacity is greatly limited. 
Out of 55 marathon runners studied in 1909.42 we found that three had 
low arterial pressure. Before the race of 25 miles, our c\nluation of then 
physical condition placed tliem in forty-third, Fiftieth, and fifty-first place 
In the race one dropped out in die first feu* miles; one ran ten miles, and 
the other ran 13 miles and quit. When it came to a griielhiig contest, 
these hypotensives uere completely outclassed. 

Harris of Pittsburgh, o\er a number of years, examined 1000 appU 
cants for atiation pilot license. In studying tfiese records, uc found that 
3 y 
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i8 had lou arterial pressure A follow up of the i8 cases re\ealed that 
only three turned out to be good pilots The others were rejected or 
gave up the vvork or were killed Thus we see that the individual with 
low arterial pressure fails when placed in a position requiring physical 
stamina endurance and above all unerring and quick response in 
emergencies 

In disease parucularlj in pneumonia an unchanging low arterial 
pressure is of no decided prognostic value However a steadil) falling 
pressure at any stage in the course of pneumonia is of grave import In 
tuberculosis a rising pressure comes with improvement In organic lesions 
of the heart aorta or blood vessels with an unusuallj low or falling 
arterial pressure expenence has shown that death maj occur very sud 
deni) This does not appl) to rheumatic heart disease 

In surger) an individual with sustained arterial pressure even if 
quite low at die beginning will stand an operation as well as others but 
a falling pressure is a danger signal regardless of tlic t)pe of anesthesia 

Pepper43 believes that in a certain proportion of cases there is a rela 
tionship between low arterial pressure and cerebral or coronar) tlirom 
hosts on the basis of stagnation of blood how Appl)mg tins chnicall), 
he believes tliat indiscriminate reduction of h)pertension will favor 
slowing o£ the flow o£ blood thus inviting the occurrence of i thrombus 

It ma) well be asked What i< the omlook for the average individual 
wudi low arterial pressure in liealtli or disease’ It is the expenence of 
all who have studied this problem that after 7ntddle life in the absence 
of an active disease, subjects iiith loxi arterial pressure have a better life 
expectancy than those icith normal or high arterial pressure The lower 
energ) index of the arculator) S)Stem in individuals with low artenil 
pressure suggests Jess wear and tear on die circulator) sjsiem This less 
ened wear and tear should be conducive to the longevit) which statis 
ticians find in cases of low arterial pressure It is not tliat these mdivid 
uals stand the vsear and tear of living better than others More hkel) 

IS It that their protecme reactions to life about them are better developed 
than those of the average individual who with a greater abundance of 
energy throws himself into the fra) of living and exposes himself to 
excesses and complications Tlie patient with low arterial pressure ma) 
have man) s)'mptoms and complaints but he weadiers them as well and 
sometimes better than the individual with normal blood pressure 
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C\SE 1 J D came to the witer m 1913 His present age i? 70 He 
has been under the authors care for 2a ^ears during which time gall 
stones and a lai^e duodenal tilccr were remoted with the establishment 
of a gastroenterostomy He withstood tlie operation well and made i 
complete recover) \t the age of 65 he suffered intermittent claudication 
manifested b) severe cramps in the legs A radiograph revealed large 
calcified tibial arienes extending from knee to anUe "W ith care and 
attention this has improved and seems under control At the age of 68 
he developed aaite lymphatic leukemia with generalized adenopathy and 
a white cell count of 200 000 with 70 per cent lymphocytes This was 
treated with a streptococcic fraction with striking improvement and 
within three months the blood count had returned to normal After 
this he continued m good condition with a practically noimal blood 
count Fifteen months later the enure picture of leukemia reappeared 

This case is related here as an example of a man six feet two and 
a half inches tall weighing 170 pounds who tor 2j years presented the 
picture of a case of low arterial pressure His svstolic pressure ranged 
between 85 and 100 diastolic pressure 68 to 72 pulse rate 70 to 72 He 
had serious pathologic lesions was subjected to a major operation under 
prolonged anesdiesia and withstood it well He had an acute leukemia 
with a sinking recovery from vvhat seemed a fatal disease in response to 
a jireparation of unknown iherajieutic jmssibihiics (This preparation is 
still in Its experimental stage and its tnie wortli is not yet evaluated) 
All this happened to a patient witli low 'irtcnal pressure during a full 
lifetime and at no time up to the present has cardiovasailar failure coinc 
up for serious consideration He need not think m temis of fading heart 
when vse speak of low arterial pressure 

Casf 2 Tlve vsritcr has before bmi the case history of a pativiu who 
has been under Ins caie since 1911 During the past 28 years he is now 
68 years of age the patients systolic blood pressure has varied from 90 
to 110 mm Hg During these past 28 years he has worked steadily and 
successfully as a man of large affairs Even his giving away of S2 500 000 
for mcthcaJ research Ins left his blood piessiiie unchanged and his inter 
cst in life has increased 

Case 3 This patient noss aged 73 lias been under the writers care 
for 20 \eais during ihis time his systolic blood pressure lias ranged not 
far from 110 mm Hg with a diastolic pressure in proponion \t times 
particularlv VMih mental stimulation m the course of the day his blood 
pressure may exceed tins level More so in the last few years He first 
learned of Jus Ion bJootJ pressure 27 years ago at wJiicJi time his sysiohc 
reading was 76 mm Hg With this there was severe tingling sensations 
of ilie hands and feet inabiliiv to stand erect symptoms of cerebral 
anemia and other manifestations of a lowered vasomotor tone Through 
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om this 27*sear perioti he has been a tjpicat case ol lo^^ arterial pressure. 
At the age of 73 he is free of esidentxs of organic disease. M'hen it is 
stated that after a full and useful lifetime, he too has given av\aj more 
than $6,000,000 for philanthropic purposes and more than §1,000,000 in 
the interest of medical education, tlie reader will understand the writer's 
interest and enthusiasm for patients with low arterial pressure. 

In the last anal>sis these ease reports reveal tliat the individual with 
low arterial pressure can live a full life and a long one, if he lives within 
his physical means Under stress and strain, these individuals maj have 
vanous subjective and objective sjmptoms, reminding them of their 
limitations and at the same lime protecting them against injuring them 
selves bv e\ce$scs All of v\hich maj )et bring us to an undentanding of 
the fallac) of the so-called “strenuous life” and the glory of djing with 
one’s “boots on." 

TREATMENT 

PinsiontERAPY Mr. A. at age 65, shovsed no evidence of organic 
disease but presented a complete clinical picture of low* arterial pressure 
with a varictv of nervous manifestations. In the absence of cardiovascular 
disease, a dail) program of massage and exercises vvas instituted: 

8 00 A M — Nonresisiant movement and massage, 15 minutes 
Abdominal massage, five minutes. 

Arm and leg massage and resistant exercises, ten 
minutes 

10'30-12 00 — Golf, 9 to 18 holes, one da) and walk of to 2i/i 

miles on the alternating day. 

5 0(V- 5 30 p '! — Massage of neck, arms, back, spine and legs combined 
VMih active and passive movements 
5 36- 6 00 r. >i — Relaxation and nap 

Since the institution of this routine, the patient’s musailature has 
been improved, and with this there is an almost complete disappearance 
of vanous subjective complaints Occasionallv, after an ovcrindufgcncr 
in fooel or tobacco or after unavoidable nervous strain, there ma) be a 
recurrence of sjmptoms. otherwise lie continues well. It is tnic that v^c 
have here a man free of organic disease, and that the cost of such a routine 
IS prohibitive, but the important point is that cldcrl) patients can be 
iniprovctl, that an atrophied musailar svsitm can be rebuilt and that a 
long tram of svinptoms can l>e made to dis.ip{>car and ilmt a sense of well 
being in the paiitni can be restored, if patient and doctor will iitiluc the 
available knowletlge of our dav. Tins patient is non 75 vears of age, 
cnjoving go<Kl health and to all api>caranccs he is in a IxJttrr phvsical 
state today than he was at the age of 65 
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Tor younger patients a course of physiotherapy of short duration is 
often ^ery effectite In the last analysis massage and exercise constitute 
a norrml and physiological effort tliey are comfortable and soothing to 
the patient induce relaxation and can under no circumstances do any 
thing but good The pulse rite of go at die beginning of such a treatment 
will recede to bettveeii 6o ind 72 mental and nenous stnin subsides 
and a sense of i\ell being is restored 

General Treatment The experienced and svise doctor will succeed 
in the care and treatment of a patient tvith lou arterial pressure just 
as he succeeds in the care and treatment of other patients "When a 
depressing factor in the patients health is discovered and removed or 
corrected the results will be satisfactory When the cause is not discover 
able or if the frustration of a patient is beyond medical treatment or 
advice the physician s effort wall fail A ruined ox a vvonied and sleepless 
business man may need a banker rather than a doctor for the exhaustion 
and psychasthenia winch follow his misfortunes 

For those who by dieir very nature are endowed with low arterial 
pressure and who under ordinary circumstances arc symptom free it is 
well to realize tliat nothing need be done and still more important is 
It to know that nothing can be done to alter the level of their arterial 
pressure In these cases fools rush in where angels fear to tread 

On the other hand wlien there are subjective and objective clinical 
symptoms definitely indicating the need for interfcience by the physician 
the most effective treatment is a period of rest though not necessarily 
a prolonged one And most important for morale and recoveq the 
doctor should not tell the patient or the family that he or she has had 
a nervous breakdown Many doctors who use this term freely do not 
Lnou ultat s nenous breiLdonn really is Tliat term should be 
reserved for the psychiatrist who has properly evaluated the patients 
reactions to frustiation and defeat and knows how to deal with them 
and still do the patient more gootl than harm It would be interesting 
to ask some doctors to discuss this subject before a group of intelligent 
medical men It might cure them of the use of a terminology which 
leaves the patient mentally scarred and fearful and a ready victim for 
another nervous breakdown 

Removal of harmful factors organic and psychic physical and mental 
rest a normal diet hydrotherapy and massage everything that can be 
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done to restore the patjeni toward a normal state sliould be instituted. 
In time, a resurgence of wellbeing and sitaiit> will become manifest 
and the patient will be restored to Ins normal state. It is in this t>j>e 
of case that the ascrage physician has failed utterly to take advantage 
of the therapeutic value of hydrotherapy and massage. massage, 

ivith passive and aclwe exercise properly carried out, muscle lone and 
muscle growth can be increased to a surprising degree, ei'en in men of 70. 

The physician who is to liandle many of these patients will find it 
necessary to practice both preventive and curative metlicine to the full 
extent of his knowledge and wisdom. The things he will have to tlo 
are legion and no attempt v\ill be made at enumerating them here, lie 
should be a votary of eugenic m.arrbges. he should recogni/c the impor- 
tance of proper infant feeding, care in childhood, nutrition in child and 
adult life He should realize the import.ance of climate, proper clothing, 
maintenance of normal body weight: the need for daily pliysical c-vertion, 
sufficient hours of rest, healthy posture; avoidance of those factors winch 
may interfere with normal respiration; avoidance of things and sitmiionv 
which cause cardiac and circulatory strain; avoidance of ovcrmNatinn of 
the nenoiis system; prevention or removal and cure of infections when 
possible; avoidance of endogenous or exogenous intoxications; and correc- 
tion of endorrinc disturb.nnccs vvhen possible. The pliysui.ui who recog- 
nizes the standards of health will discern deviations from these standards 
and aim to correct them. 

^Vherc there is no sjiccific disease, there is no sjictific tUMUnent. 
FApenence will prove that the single drug or sjwcial mcthml highly 
recommended at one time will be sujierscded by another, often in rapid 
succession ^Vhatever moiie of treatment the aitcnding physician will 
advise should be planned for the patient with pcrcision. The pli)sici.an 
who has faith in the success of his treatment will unconsciously stimulate 
and encourage the patient to make whatever effort is necessary to give up 
an unhygienic mode of living and to adopt a better one. In this ty|>e 
of patient, as in many others, the one v\ho lives a disordcrctl existence 
and seeks cures in a bottle of medicine is on the way to dis.appolntnicnt. 

Patients are too seldom impressed wiih the fact that the socallctl 
everyday advice of the physician is really the crystallization of man’s 
total experience, and tliat he who will carry out such .atlvicc iu oriluxlox 
fasliion is the one who will attain desired results. 
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CHAPTER L 


ARTERIOSCLEROSIS 

By Eli Mosciicowitz M D 

Introduction The term arteriosclerosis has today a stricter con 
notation than formerly employed It no longer comprises e\ery lesion 
that causes thickening ind hardening of the vessel morphologically and 
pathogenetically it is readily distinguishable from such lesions as fatty 
infiltration of the arteries syphilitic arteiiiis bacterial and infectious 
arteritis endarteritis obliterans thromboangiitis obliterans (Bucrgtr) 
Monckeberg sclerosis rheumatic arteritis and periarteritis nodosa More 
over the lesions comprised under the term aitenosclerosis are not 
strictly limited to tfie arteries but affect the capillaries and the lining ol 
the heart chambers as i\ell so that in most instances the term arteno- 
capillary sclerosis is more applicable Under certain conditions uluch 
will be discussed latei die \eins may shou similar changes i e 
phlebosclerosis 

PATHOLOGY 

The lesions of arteriosclerosis are modified according to the anatomical 
structure of the portion of the vascular tree that is affected It is noiv 
agreed that the earliest changes of arteriosclerosis are seen in the iniima 
There is a thickening of the subendoihelial intinnl connective tissue 
due to the proliferation of the large and small uandeimg cells In the 
larger vessels especially in the aorta there is already an extensive mfil 
tration with fat which is present not only within the cells but between 
them Later tJiese thickenings become deeper and more extensive fonn 
mg irregular and rounded plaques bulging into the lumen The con 
nective ussue begins to undergo hyaline change and the fatty accunmh 
tions undergo neciosis forming an athciomatous maiernl hence the 
name atherosclerosis (Marchand) At this slage changes in the elastic 
layer occur consisting in cleavage and interruption of the elastic layer 
situated at the depths of the plaques and eventually in the development 
of new and delicate clastic fibrils whicli pcnetrite into the new tissue 

(J51J) 
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Whether these fibrils arise from the old elastic layers or from an impieg- 
nation of collagenous fibrils witli elastm is still undecided. 

Changes in the media are, as a rule, not seen until the later stages of 
arteriosclerosis. Whether thinning or hypertrophy of the muscular coat 
of the media occurs depends, in die WTiter's experience, upon whether 
the arteriosclerosis is of die decrescent (senile) variety, unassociaied with 
hypertension, or whether die lesion is the result of hypertension. In the 
former, the media is, as a rule, thinner than normal, especially in those 
portions subjacent to the intimal lesion; in the latter, the media is Iiyper- 
trophied. The hypertrophy is especially notable in the arterioles. The 
media in later stages is infiltrated with conneciise tissue, with corre- 
sponding destruction of the muscular and elastic elements. Round celled 
infiltradons are often seen, especially around the branches of the vasa 
rasorum. Extension of the atheromatous infiltrations into the media are 
not uncommon, especially when the atheroma is extensive and ulcerated. 
The adventida of the vessels is little affected in any stage of the disease. 

In the terminal stages, the processes become diffuse and affect almost 
the enUre circumference of the vessel. The atheroma breaks through 
the intima, forming greater and lesser craterlike ulcers. The fatty aiherom* 
atous material is rich in fat and cholesterin. Infiltration witii calcium 
and magnesium phosphate occurs, forming dense flat plaques w’hich often 
fracture and project into the lumen and form a nidus for a thrombus. 
In these lime deposits, real bone with haversian canals and marrow 
may form. 

Grossly, the main characteristics of arteriosclerotic vessels of large 
caliber, aside from the deformity of the inner surface, are tortuosity, loss 
of elasticit), increased rigidity, and dilatation of the lumen. These are 
usually proportionate to the senescence of the process. In the smaller 
arteries and in the arterioles, the proliferation of the indma and the 
hypertrophy of the media lead to narrowing of the lumen and sometimes 
to complete obliteration. The consequent diminution and even loss of 
blood supply e.xplains the sclerosis and atrophy of certain organs, sudi 
as tlie kidney. 

Arteriosclerosis is a summation of many processes, one or more of 
wliich may not be present. Arteriosclerosis may be defined as a progrer- 
sive and irreversible affection of the arteries, in which hyperplasia of one 
or more of the sirnctural elements is a ftrimary reaction, with deposition 
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of lipoids, collagenous tissue, hyalin and calcium as a secondary reaction 
the totality of both components resulting in thickening, dilatation, 
deformity and loss of elasticity of the walls 

PATHOGENESIS 

Afucfi contro\ers) Ins waged as to wliethcr arteiiosclerosis is a degen 
eration or an inflammator) process The issue is more a matter of 
academic rather than of practical consequence and depends entirely upon 
personal definition of these terms If an inflammation is regarded as i 
reaction of the tissue against injury arteriosclerosis is certainly an inflnn 
mation TJic injury as the nriier mil endeavor to prove in the section 
upon etiology is entirely mechrnicnl and consists in intravascuhr jires 
sure whether it be normal or inaeased and rll the lesions are explain 
able as far as present knowledge permits upon the basis of this normal 
or exaggerated function The lesions of arteriosclerosis therefore repre 
sent a compensatory mechanism The persistent dilatation especially m 
diastole causes stretching of the intima and Uie formation of the so-called 
saftspalten 

The proliferation of the muma is partly the result of a reactive 
proliferation to fill the gap and partly to a reaction around the fat that 
has been imbedded in the stretched ussue spaces The splitting of the 
elastica may be ascribed to the stretching of the wall and growth of new 
connective tissue between the elastic fibrils The hyperplasia of tlic elas 
Uca IS a functional adaptation to counteract the increased stretching 
Tlie hypertiophy of the media when it is present is the result of the 
hypertension and is entirely comparable to the hypertrophy of the left 
ventricle under the same condition The atrophy of the media is partly 
the result of the dilatation of the vessel unattended by an increased 
intravascular pressure and partly to pressure by the subjacent atherom 
atoiis and calcified plaques How much of this thinning may be the 
result of atrophy from a lovvered blood supply due to the diseased vasa 
vasortim which penetrate the media is vtiH a question (bchiihz'^) 

The genesis of the hyaline deposit is not clear but as in other iissiics 
It IS entirely a degenerative product Tlie atheroma and consequent 
calcification are entirely analogous to similar processes m otiier portions 
of the body where fat and cliolestenn esters form in abundance Taken 
together all the clianges of arteriosclerosis may be regarded as compen 
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sator> attempts of the tissue against intravascular tension a view originall> 
maintained )ears ago by Tlioma This investigator hovvever, regarded 
the stretching of the media as primary and the proliferations within the 
intiraa as secondary and as attempts on the part of the tissues to maintain 
the caliber of the lumen This view however is now abandoned 

INCIDENCE 

Arteriosclerosis is universal not only in man but in all vertebrates 
It IS a normal process incident to the senescent jears Clinically arterio 
sclerosis gives rise to morbid states m onl) comparatively few Patho- 
logically speaking its beginnings in the form of fatty plaques are already 
visible between the second and third decade of life This was revealed 
in autopsies upon German soldiers in the W'orld Wir (MonckebergS) 
Thickening of the vessel as determined by palpation does not occur until 
the individual is well on to the fifth decade Some WTiters regaid the 
fatty plaques observed commonly m infancy as already evidences of begin 
ning arteriosclerosis but the fact that sucli plaques are only rarely 
observed in the adolescent period say between the tentli and sivteenih 
year led Aschoffs to believe that these infantile plaques disappear 

The probability is strong therefore tint tfiese infantile plaques 
represent only fatty infiliration of the intinia due to the high hi diet 
and are comparable to the fatty infiltrations observed in animals after 
high cholesterol diet (Chalaiow and Anitschkow^) and m young dia 
betics v\hose blood ciiolesterol is high (Oppenheimer and FislibergS) 
Strictly and biologically speaking there is no reason to regard arterio- 
sclerosis as beginning abruptly somewhere in the third decade merely 
because atheroma becomes conspicuous at this age Most observers 
describe a physiological ageing entirely histological tliat begins at 
birth In early clnldliood the intima of the muscular arteries is exceed 
ingly thin consisting only of an endothelial laver and a delicate clastic 
lamina As age advances the mtima thickens by the growth of collagenous 
tissue and splitting of the intenial clastic lamina occurs as early as the 
second year (Hallenbergerf) The hyperplasia of the clastica proceeds 
into middle life The splitting begins in the larger arteries and only 
involves the smaller vessels after middle life (Bell") The media also 
thickens with the growth of the body These clianges have been noted m 
most of the sectors of the aricnal tree These hyperplastic processes which 
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possess so many features of true arteriosclerosis may reasonably be 
regarded as the forerunners of the matured lesion and as Asclioff believed 
are compensatory to the increased intravascular pressure that proceeds 
from infancy to advanced life In other words physiological ageing or 
functional adaptation merges slowly into disease The intensity and 
distribution of arteriosclerosis vary widely m man for the same age as 
a general rule the writer has observed that these vary largely according 
to the blood pressure Subjects dying of diseases associated vvitli a low 
blood pressure for instance tuberculosis present less arteriosclerosis at 
autopsy than is normally seen for the same age As shall be elucidated 
more fully later arteriosclerosis has no proportionate relation to age when 
hypertension intervenes Arteriosclerosis under such a circumstance may 
even be present in infancy In fact tlie writer is not aware of the presence 
of arteriosclerosis m infancy or the earliest years unless hypertension 
was present 

Arteriosclerosis begins and reaches its fruition at a slightly higher age 
in women than m men due m all probability to the slightly lower blood 
pressure in the female as compared to the male Here again when 
hypertension intervenes arteriosclerosis will arise no matter what the sex 
Nevertlieless every clinician sees cases of premature sclerosis even under 
conditions of normal blood pressure so that it must be concluded that 
what Osier called bad tubing must play a role 

LOCALIZATION OF ARTERIOSCLEROSIS 

The question has been frequently raised that if tension or its increased 
gradient hypertension is tfie cause of arteriosclerosis why is it that the 
localization of the sclerotic patclies is apparently bizarre because tension 
being equally distributed should affect all vessels uniformly? The renal 
retinal cerebral splenic and coronary arteries are most frequently and 
most profoundly affected the pancreatic and hepatic arteries less so w lule 
the artenes of the skin the skeletal muscles and intestines least of all 
Furtliermore the sclerotic areas arc not distributed uniformly througliout 
tlie vessel and vary in intensity jn diffeicnt areas for instance the postc 
nor aspect of the aorta is more involved tlian the anterior while the 
ascending aorta is comparatively free ErdhcimS has made the point that 
an individual witJi sclerosis of the ascending aorta rarely lives to be over 
Co years of age Apparently therefore other subsidiary factors beside 
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intra\asciilar pressure must be detemuncd to e\pHm this uucqinl 
rhsti ibution 

An anssser for all sagaries of localization and disinbiuion of arteno 
sclerosis is not at hand One of the factors at all esents is impaired 
expansile mobility of the vessel due either to fixation oi to cxteitnl 
resistance It can readily be understood liow any degree of fixation of a 
vessel vull lead to an interference vvjth diastolic recoil and the greater 
the diastolic pressure and the greater the fixation the greater the inter 
ference This may explain why the severe types of clinical arteriosclerosis 
are more propoitionate to high diastolic picssiircs than to high systolic 
and why arteriosclerosis (other factors such as intravascular pressure 
being equal) is usually more pronounced in solid viscera like tin. spleen 
and kidney than in the lung gastrointestinal iract or skin 

The following observations reveal the relation between imjiairctl 
expansile mobility of vessels and the Jocalizauon of tlie lesions 

(a) The patches of aortic arteriosclerosis occur earliest and arc most 
extreme at or near the origin of the intercostal vessels which fix the jwstenor 
wall of the. aorta 

(b) As a general rule the abdominal aorta which is fixed against the 
rigid vertebral column is more involved than ihc arch and the thoracic aorta 
which are surroundetl by soft stnictiires 

(c) Arteriosclerosis of the dural vessels is most marked m those portions 
that lie within the bony framework (Lauda’’ and Erdhcim*’') 

(d) Dow” found that the internal carotid artery was markedly ancrui- 
sclerotic m that portion that traverses the canal in the temporal bone and 
along the cavernous sinus He also noted that the radial arteries when affected 
revealed the most marked changes in the sector that lies directly against the 
radius 

(c) The anterior aspect of the aorta is mucli less involved tlian the pos 
tenor which is fixed first bv the insertion of the intercostal arteries and scamd 
hv the rigid vertebral column 

(/) Westenhoffer’'’ showed that the patches of arteriosclerosis on the 
posterior wall of the aorta ocairred earliest at the site of prominent up|>cr and 
lower borders of the bodies of the vertebrae while the hollows in hclwixii 
were comparatively free The patches so to sjKak afford the apjxrarancc of 
i model in relief of the vtrtcbral column Tins observation I can affinn 

(g) In pulmonary arteriosclerosis the jiortions most affcctcil are tlit»sc 
[jing against the rigid cartilaginous broncluis while that {Kirtion cmirsiii^ 
through the soft pulmonary parcnclivma are much less involvetl 
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(fi) The left coronar) artery is more often affected than the right because 
It IS imbedded m a much firmer muscular wall than the right and in a muscle 
subject to greater tensions 

(j) In the patch of pldcbosclcrosis of the inferior sena ca\a described 
b) Cramer and Shilling, the sclerotic area is most prominent in that position 
of the cava that lies against the rigid vertebral column and the adjacent aorta 

There are undoubtedl) other factors, which m tlte course of tune will 
be described The most promising lead has recently been devised bj 
Winteniitzis wJio, by ilie aid of injection and clearing agents, Ins dis 
covered important intramuial vessels in the walls of arteries the basic 
pattern of which is often exaggerated in arteriosclerosis Hemorrhages 
from these vessels often lead to ailieroin-i. an important finding not only 
because it demonstrates that hpeima is not always necessary for the pro 
duction of atheioma, but also because these intramural vessels may con 
tribute largely to tlie topography and localization of the lesions His 
method should serve to clear up many other finer mecliamsms m the 
production of arteriosclerosis and we await future studies with interest 

A sharp distinction, as far as incidence is concerned, between arterio 
sclerosis and artenoloscleiosis I have not found to be valid Theie is no 
doubt that the sclerotic process may be more miense in one than in the 
other, in hypertensive disease, especially The lesions in the arteiioles 
aie more conspicuous than when hypertension is lacking, but, by and 
large, arteno and aiteriolosclerosisaresimultaneous lesions It is true that 
the lesions of arteiiosclerosis vary in different components of the vascular 
system, foi instance, atheroma is miicli more extensive in the arteries 
of the muscular and elastic types than m the arterioles, while hyperplasia 
of the iimma and elastira and liyalin deposits are more prominent in the 
arterioles 

ETIOLOGY 

A multitude of factors liave been assigned in the past as causes of 
arteriosclerosis, most of tliem supported by insufficient evidence, so lint 
the cause of arteriosclerosis thus far has not escaped the domain of 
hypothesis The almost constant association between hypertension and 
arteriosclerosis has led many observers to regard arteriosclerosis as due. 
in greater part at least to mechanical causes but an exclusively nieclnn 
ical origin was not accepted, because arteriosclerosis (so it was argued) 
was witnessed so very frequently with noiinal ultra irienal pressure ^ fus 
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latter statement m\ohed a fallacy which strangel) enougli had been 
entirel) o\erlooked. H)l)ertemion ts not something new that has entered 
the organism in the seme of an infection, for instance, but is stmfd) an 
exaggerated form of a normal function, t. e., arterial tension. 

The proofs that normal intra\ascu]ar pressure and, therefore, its 
increased gradient, hypertension, is the only cause of arteriosclerosis will 
now be summarized (MoschcouitzU) . 

A. Incidence of arteriosclerosis of die pulmonary arteries. Arterio- 
sclerosis of the pulmonary arteries is absolutely independent of arierio 
sclerosis of the greater circulation and only occurs when an increased 
pressure isithin the pulmonary circuit is present. It is most commonly 
seen, therefore, in all cases of mitral stenosis; next in order of frequency, 
It occurs w’ith emphysema, cases with long-standing diminution in lung 
volume from whatever cause, bilateral pleural adhesions, certain cases of 
marked scoliosis, in cases of open ductus BoialU and communications 
between the nght and left hearts; also in cardiac disorders of whatever 
nature that lead eventually to failure of the right heart, for instance, 
coronary disease, adherent pericardium, and spent Grave’s disease. The 
mechanisms whereby such an increased resistance is produced have been 
set forthio and need not be repealed here. In summary they fuirdl the 
requirements set by ^ViggersK' for the production of increased pressure 
in tile pulmonary artery’, namely: (i) The minute output of the right 
ventricle. (2) The resistance and capacity changes in the pulmonary 
circuit. (3) Back pressure produced in the left heart by changes in the 
systemic circuit. Under practically no other circumstances does arterio- 
sclerosis of the pulmonary artery occur, no matter how’ intense is the 
arteriosclerosis of the greater circulation. 

Arteriosclerosis of the pulmonary artery is entirely independent of 
age, sex, occupation, and other factors. Given the increased inirapul- 
monary pressure, it will occur even in infants as old as six months. The 
reason why arteriosclerosis of ilie pulmonary arteries does not occur with 
normal intravascular pulmonary’ pressure is because the normal pul- 
monary pressure is unusually low, according to Starling, one sixth tJiat 
within the aorta It is obvious, therefore, that arteriosclerosis affecting 
both greater and lesser circulations must be the exception raihcr th.in 
the rule. It must be remembered that hyjicrtension docs not represent 
an absolute but a relatise \altic. Inasmucli as tlic pressure in the pul 
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monar) arter) is onl) one sixth that of the aorta a tension that maj be 
normal foi the greater circulation a\iU be high for the pulmonary 
Inasmuch as we haae no metliod of determining clinically the pressure 
in the pulmonary circulation ave do not know the optimal pressure 
required to bring about arteriosclerosis m this circuit but in new of the 
great disparity m tlie two pressures it is doubtful wheUier the systolic 
and diastolic pressures in tlie pulmonary artery ever approach the normal 
bronchial arterial pressure Even assuming that the pressure within the 
pulmonary artery may equal that in the systemic circuit it is reasonable 
to infer that a normal pressure in the systemic circuit may also produce 
arteriosclerosis in the greater circulation proMcled it has been maintained 
over a sufTicient span of time AVith this independence in the incidence 
of arteriosclerosis of the greater and lesser circulation m mind tlie follow 
mg syllogism seems to be justifiable Hypertension is a heightened phase 
of normal tension there is a definite sequential relation of arteriosclerosis 
to hypertension in both greater and lesser circulations such an arteno 
scleiosis occurs at an early age if hypertension is present and is an incMta 
ble lesion in all individuals past (at the latest) middle age therefore 
normal intravascular pressure may cause arteriosclerosis provided it acts 
over a sufficient span of time In other words a road may be worn down 
by light as well as by heawer vehicles obviously the lighter vehicles will 
take a longer time The time factor m the production of arteriosclerosis 
by intravascular tension is obviously of profound importance and explains 
why in some early cases of hypertension that have come to autopsy little 
or no arteriosclerosis is discovered It also explains the progressne vascu 
lar deterioration witnessed clinically in hypertensive patients the most 
striking and obvious being the development and progression of relinop 
athy Statistics on linear relations between pressure figures and the 
different manifestations of arteriosclerosis have little or no value because 
tile biology of the disease has not been considered as vvell as the fact that 
the relation of hypertension to normal tension has not been taken into 
account One may construct therefore the following equation 
arteriosclerosis = intravascular pressure X 
Obviously otlier factors being equal the higher the pressure the carhtr 
the lesion will appear v\iih normal pressures the longer ilie span of life 
necessary to produce arteriosclerosis Under the first condition juvenile 

—31 
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arteriosclerosis is the result under the second decrescent nricriosclcrosjs 
or in other tvords the normal arteriosclerosis commensurate with age 
It would be interesting to know how soon after the inception of 
li>pertension gross arteriosclerosis begins According to the equation 
we submitted much depends upon the degree of the hypertension 7ur 
LindeniT reports a case due to patent ductus arteriosus in an infant 
of 11 months \\atjeni}» reports one in an infant aged si\ months due 
to patent inters enincular septum E\en in the puhnonar) circuit a 
decrescent arteriosclerosis may occur with such a low pressure as exists 
in this circuit In a senes of 50 cases of arteriosclerosis of the pulmonary 
artery there avere three all mild in a\liich no mediimsm that miglit 
cause increased pressure 111 the pulmonary circulation could be discos 
ered They a\ere all aged indiMduals the youngest being 67 

B \euroretimtvs the essential lesion of which is an intense arterio- 
sclerosis of the grosser and fine vessels of the retina only occurs when 
hypertension (especially diastolic) is present Simple arteriosclerosis of 
the retinal vessels unassociated with infiltrations or papilhtis is only 
witnessed in people with normal or moderately elevated blood pressure 
who are in the senile years It has been observed (KollertiP) and Iht 
wTiter can confirm tins tint a neuroretinitis may disappear when the 
blood pressure drops to normal 

C Arteriosclerosis is most pronimem in that portion of the irtciy 
where the stress is greatest for example at bifurcations and at points of 
narrowing 

D In congenital stenosis of die isthmus of the aorta tlie artcrio 
sclerosis is -most prominent or may even occur evciusnely upon the 
proximal part of the aorta 

E Marchand'‘o found no arteriosclerosis m an extremity paralyved 
fay pofiomyehtis while the Iiealfhy hmb showed definite cfianges 

r Tlie endocardium of such chambers and v^lves as have been sub 
jected to increased or prolonged strain shows changes comparable wiih 
tliose of arteriosclerosis Those of the right side are involved m hyper 
tension of the lesser circulation those of the left in hyjjertension of the 
greater circulation and 111 the detrcscciil or senile periods of life 
PHLEBOSCLEROSIS 

The lesions of plilebosdcrosis arc identical liistologically with dime 
of arteriosclerosis The int idcnce of phlcbosclerosis is inttrcsting because 
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it repeals a definite sequential relationship to increased intravenous 
pressure. 

1. Carrel -1 demonstiated condiisively that a normal vein anasto- 
mosed between the divided ends of an artery became sclerosed. 

2. In chronic congestion of the venous system phlebosclerosis is not 
uncommon (FCa^a'-ss). 

3. In hypertension o£ the lesser circulation due to mitral stenosis, 
the writer has found sclerosis of the pulmonary \eins to be almost as 
common as the sclerosis of the pulmonary artery. An increased tension 
in the pulmonary veins can readily be predicated in \ieu' of the increased 
pressure in the left auricle. In emphysema, on the other hand, tlie pul- 
monary veins are normal because the resistance is svithin the pulmonaiy 
capillaries. 

4. That phlebosclerosis is exceedingly common in varicosities is uni 
\ersally conceded. 

3. An interesting example is that of Cramer, who distovered that 
a patch of sclerosis in the vena cava just above the junction of the iliac 
veins was not uncommon in elderly individuals, and tlie older the patient, 
the commonei the lesion. He ascribes the lesion to the impinging of 
tlie two currents of blood which occurs exactly at this area; obviously, 
the pressure will be gt eater, the wider the angle of the iliac junction. The 
writer has been able to confirm this finding. 

6. One of the most constant associations is that of sclerosis of the 
portal and mesenteric veins in cirrhosis of the liver and in portal throm- 
bosis. All observers agree that the sclerosis is due to increased pressuie 
in the portal system, the result of the obliteration of the portal radicles 
within the liver. Indeed, the validity of the concept of portal hyper- 
tension has recently been confirmed by Thompson, Caughey, Whipple 
and Rousselot 24 who measured the pressure in the splenic vein at oper- 
ation by direct puncture before ligation of tlie pedicle. In eight cases 
in which the syndrome of portal hypcitemion w.as present, the pressure 
ranged from 250 to 500 mm. of saline solution. In three cases of hemo- 
lytic icterus the highest pressure was 125 mm. of s.iline solution. 

7. Intense phlebosclerosis is constantly found in the venous element 
of an aiieriovenous aneurysm (BenefciSS). 
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8. In the rare cases of congenital communication bctuccn the aorta 
and the puImonar> arterj- aboie the cusps. Albrecht found intense sclero- 
sis of the puImonar> artery. 

9. Phlebosclerosis of the hepatic \eins. This lesion t\hich I2C 
described some }ears ago is found onh in patients d>ing after prolonged 
congesti\ e right sided failure rviih mainietiancc of a Jiigh t cnous pressure 
o\er a prolonged period. It is ahea^s accompanied b) arteriosclerosis of 
the pulmonary artery and by cardiac cirrhosis of tlic li\er. The onh 
reasonable interpretation of the mechanism is that the lesion is the result 
of prolonged elesated \enous pressure consequent upon the hypertension 
of the pulmonary artery. As a consequence, the pressure in the right 
auricle becomes augmented; this is transmitted backward into the inferior 
sena cara and thence to the hepatic \eins. 

SCLEROSIS OP CAPILLARIES 

^Vhere capillaries are groupetl together cn masse, as in the glomerulus 
and m the islands of Lnngerhans, Hbrosis, hydropic and hyaline degen- 
eration and sometimes e\en calcincation of the ualls are Ficqucnily seen 
in diseases associated tvith hypertension of the greater circulation or uith 
a normal blood pressure of long standing. The sclerotic ch.anges in the 
islands of Langerhans account for the not uncommon association of 
diabetes and hypcricnsue diseases. Tlmt esen the peripheral c;ipill.aries 
shou’ similar changes under the same circumstances is esident in the 
tortuosity and irregularity of their contour noted by capillarnstopy by 
the Lombard methotl (Muller-"). In the Jungs, the striking sclerosis 
of the capillary u-all noted in diseases associated uiih hy|>ertension of 
the pulmonary circuit has been described (.\foschcouit/2^) . These cap 
illary changes are never seen unless .arteriosclerosis of the pulmon.ary 
arteries is present and they represent essentially the dominant lesions of 
browi induration of the lungs. 

“PRIMARY” ARTERIOSCLEROSIS 

IE the caus.al rehaiion between iniravascubr pressure, v\hcilicr normal 
or raised, is .ackuow lodged, ihc icnn ‘‘prinwry” .irteriosclcrosis loses Justi- 
fication. It seems peculiar th.ai the term “pritnary” should onlv he applietl 
to the arteriosclerosis of the pulmonary artery and csjieci.illy to those 
extremely rare cases in which no obvious cause, such as mitral stenosis 
is found It is acknowlctlgcd that, with these exceptions, arteriosclerosis of 
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die pulmonary arter)- is always secondary to conditions causing increased 
pressures. The number of recorded cases of primary pulmonary' arterio- 
sclerosis is few. I have examined many of the reports and when sufRcient 
data are available few pass the hazard of a strict critique. In many the 
lesion is not strictly an arteriosclerosis but an acute or subacute arteritis, 
probably of infectious origin. In some, the condition is the phenomenon 
known as idiopathic dilatation of the pulmonary artery (Oppenheiraer29) . 
The cause of the anomaly and the site of obstruction is obscure. In many, 
the clinical data indicate cardiac disorder consequent upon coronary dis- 
ease or hypertension with left, and eventually, right-sided heart failure. In 
the largest number, a lesion such as emphysema, bronchiectasis, pleural 
adhesions, or infiltrative processes in the hmg are ignored. This last 
remark is particularly pertinent to that much discussed malady known 
as “Ayerza’s disease." Ayerza originally regarded these cases of “cardiacos 
negros" as primary arteriosclerosis of the pulmonary artery of syphilitic 
origin. Later, his pupils. ArriUagaSO and Escudero^i modified the 
conception; they excluded syphilis as the cause but still regarded the 
sclerosis as primary. These authors, however, completely ignored bron* 
chieciasis, emphysema, or a dironic bronchitis which they reported as 
being associated in all their cases. In other rrords, Ayerza's disease is 
neither syphilitic nor primary. The introduction of this term into medi- 
cal nomenclature is unfortunate. Syphilitic sclerosis of the pulmonary 
artery occurs, though rarely, but it docs not prodtice the clinical picture 
of "cardiacos negros." It must be insisted upon that it is not the artcrio- 
.sclerosis of the pulmonary artery th.ii produces the clinical picture, btit 
the hypertension of the pulmon.ary circuit that brings it into being. In 
other words, Uie sclerosis is the result and not the cause. 

EXPERIMENTAL ARTERIOSCLEROSIS 

Much of the older work on experimental arteriosclerosis is vitiated 
by the fact that the rabbit, the animal most frequently employed, is 
subject to spontaneous arteriosclerosis. There are only iliree methods 
that have stood the test of consideration: (i) By adrenalin; (a) by 
ergostcrol feeding; ( 3 ) by a high cholesterol diet. 

\. The adienalin type is now regarded ns identical with the scxallccl 
arteriosclerosis of Monckeberg, which essentially consists in a calcification 
of t})e media and is dificrcni niorpliologirally and pathologically from 
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true arteriosclerosis The nieclnnism ttlicrebj adreinlin produtcs ilicsc 
changes is not clear 

2 Feeding tuth large quantities of ergosterol causes necrosis of the 
media uith calcium deposition not onlj in the aorta and its laigcr 
branches but in the pulnionar> artery as ^^c\\ so that the end result 
IS like that produced by adrenalin 

3 The cholesterol arteriosclerosis first produced b) Vnitsclikou'^^ 
and since repeatedly confirmed reproduces most of the features of true 
human arteriosclerosis especially m relation to the size shape and dis 
tnbution of the lesions Neaerdieless there are marked points of dif 
ference between this aariet) of experimental artenosclcrosis and human 
artenosclerosis These are (i) The lesions have thus fir been obtained 
onlj in heibivora and but rarelj in carnivora and then onl> vkhcn a 
cholesterinemn is produced that is so high as to be unphjsiological The 
reason ma) be as Schonheimer'^'* has suggested that herbivorous animals 
cannot excrete cholesterol (2) in man no rise m blood cholcsiciol is 
ever obtained Indeed there is no consistent relation between the blood 
cholesterol and arteriosclerosis in the human being (Peters and Van 
Slyke 3 -t) 

4 The writer has seen sections of the vessels of such experimental 
arteriosclerosis in rabbits and finds oiil) a deposition of hpoid in the 
xntima There are none of tlie compensator) efferts in the elastica and 
the media 

5 The lipoid depositions arc not Iimiicd to the arteries but otcur 
in the veins and indeed in the entire reticuloendothelial system 

Tlie probabilii) is strong therefore that cholesterol arteriosclerosis 
represents nothing more than a lijxnd deposition in the iiUtma similar 
to that found m infants on a high fat elict tii diabetes when hpemn 
arises (Oppenheimer and rishl)crg*») and in the lipcmia of nephrosis 
(Lowenihans) DuffSC whose comprehensive article is commended con 
chides iliat there are important eliffercnces between expcnnicntal and 
human arteriosclerosis and that tJie results of expenmciiLil artenoscltrosis 
cannot be stnctl) applied in the interpretation of the human vanei) 
Hypercholesteruiemia cannot be regardesl as the cause of the lesions 
m the arteries He believes tint some form of injur) attendant in die 
expenmental procedure of cholesterol feeding is the primar) event in die 
development of the lesions of e\|jcriinciilal artenosclcrosis The mlurt 
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of tins injiir) is tinknoun to DiiIF but to the unter tiie results of 
expenmennl irienosclerosis on be reconciled to the known findings in 
huimn irtenosclerosis b) nssiiming lint given a prolonged or e\ag 
gented lntravascu]^r pressure tlie nornnl cholesterol content of the 
blood cnn be meclnniollj pressed into the nomnl snft^palleu of the 
\ essel 

In this intcrpiei irion i h>peicholesieniiemn is not tssentnl in the 
production of arteriosclerosis Obviously if in excess of cholestenn is 
present the lesions will appear earlier or be mote intense Funda 
mentall) the issue han„s on whether one views hpoid depositions as an 
indispensable lesion of artei losclerosis or only a facultative one In other 
words IS arteriosclerosis primarily a metabolic disturbance or not’ 
Is arteriosclerosis synonymous with atherosclerosis or not’ Those who 
regard hpoid changes as the primary factor have held that the fatty 
deposits almost universal in the aorta of infants represent ilreadv the 
beginnings of arteiiosclerosis 

Howevei there is evidence that ilicse deposits aie reversible betanse 
they are not found m older children \foreover sclerosis by iniinnl 
thickening and hyperplasia of the elastica can occur vMthoiit the initiation 
of lipoid deposits This is demonstrable in many of the muscular arteries 
of ihe extremiiies and especiaJJy in ilie aiierjoles and jn areas of arterio 
sclerosis far distant from the atheroma Furtheimore sclerosis without 
hpoid is seen frequently in ai tenosclerosis of the pulnionarv artery 
Fin illy if phleboscleiosis can be regarded as an analogous process to 
anenosclerosis the complete absence of lipoid in most instances is 
convincing testimony that sclerosis may occur sMthout hpoid deposition 
At best Anitschkow may have produced atliero hut not true aricrio 
sclerosis 

It must be tdinitted theieforc that thus hr all attempts to reproduce 
experimentally arteriosclerosis m the greater circulation have thus far 
failed and deservedly so because these experiments have not taken 
into consideration the primary dement in the production of anerio 
sclerosis namely intravascular pressure In the past few years Gold 
blattST has finally succeeded by narrowing the renal vessels in produc 
mg maintained hypertension m the greater ciiculaiion Thus far his 
reports on the production of arteriosclerosis are still incoiuplcte and 
wcawiit Ins further pubhcatious with reference to this point with mtercsi 
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RELATION OF INFECTIONS, FOOD, PRODUCTS 
OF METABOLISM, POISONS, ETC , TO ARTERIOSCLEROSIS 
The independence in incidence not onl) beti\cen nrtenovcIeri)Sis of 
the gieilcr and lesser circulntions but ibo hctuccn the sclerosis in tlic 
arteries and tlie \cins and the absolute relation of arteriosclerosis of 
the pulmonary sessel to pressure changes prose at once that substances 
tliat bathe both circulations and the entire \asctilar system smuilianc 
ously, such as infections, toxins food, and metabolic products cannot be 
regarded as causes of arteriosclerosis The only my in uhich such 
substances might possibly cause arteriosclerosis is by assuming tint a 
selectise action occurs, but this is untenable in \ieu of the consistent 
relation of arteriosclerosis to pressure changes 

It IS necessary in this relation to emphasize the fact lint infections 
cause lesions of the \csscls, but such lesions represent an arteritis or a 
phlebitis and arc different in csery particular from those of arterio- 
sclerosis Syphilis, therefore, does not produce arteriosclerosis 


CLINICAL IMPORTANCE OF ARTERIOSCLEROSIS OF 
THE GREATER CIRCULATION 
Vrteriosclerosis by itself rarely kills In cases following hypcricnsion 
It IS the hypertension and the consequences of ihc sustainctl cles'aiion 
of the blood pressure that usually compromise hcalih Dngnmnntically 
these escntuahties may be represented as follows 


^ Cerebral arteriosclerosis (softcmiig a|X)j>Icxy) 
j Retinal arteriosclerosis (nciirorctiniiis) 

/ Coronary arteriosclerosis (angina pccioris mjocartlnl 
^Tension jj/ insiiiricicncy) 

■1 Hypertension f / Vahailar arteriosclerosis (\-ahaihr disease nnocanlial 
' insufTiacncy) 

, artcrtosclcTOSw (diabetes. isUiuK of Langcr 

bans) 

Arteriosclerosis^^::;;;^ Splanchnic arteriosclerosis (alxlonuna! angina) 

'■ Renal artcnosclcroMs (Ilnglii s distan) 

''General arteriosclerosis (senile alrophy and cadicsia) 

'* Arteriosclerosis of lower cxlrcnuiies (g ingrcnc) 


\ 


^\ hen the arteriosclerosis is the result of long sustained normal bloixl 
pressure (decrescent arteriosclerosis of Mlbult senile arteriosclerosis) , the 
same diagram is applicable In siiih indi\iduils the morbidity from the 
arteriosclerosis is usualls the result of localized thromlious nr from an 
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embolus deiised from a clot on one of the diseased plaques The 
regions most often affected by such \ascular accidents are in order of 
frequency the coronary aessels the cerebral vessels and the vessels of the 
lower extremities 

The clinical phenomena of the various regional arteriosclerosis out 
lined above cannot be discussed within the limits of this exposition for 
those interested the reader is referred to the chapters under these 
various headings 

ARTERIOSCLEROSIS ASSOCIATED WITH DIABETES 
The frequent association of arteriosclerosis and diabetes Ins led many 
obsen-ers to believe that diabetes causes arteriosclerosis but man) 
)oung diabetics have been followed over a period of man) )ears v\ithout 
any manifest ai lenosclerosis developing Indeed all the evidence tends 
to prove the direct opposite vn that diabetes is usinll) the result of a 
capillary sclerosis of the islands of Langerlnns KramerSS found h)per 
tension in 39 pei cent of all diabetics It is necessai) at this point to 
call attention to the fact that the fatty deposits on iJie aortic iniima often 
witnessed in young diabetics do not represent true arteriosclerosis but 
are infiltrations resulting from the assoaated Itpemia and are identical 
with the lesions obtained in experimental arteriosclerosis bv high fat 
feeding 

So called diabetic gangrene of the exiremiues is therefore strictly 
speaking arteriosclerotic gangrene the diabetes being only a comjihcation 

M6NCKEBERG ARTERIOSCLEROSIS 
This type of arteriosclerosis is clnracteiizcd by deposition of lime in 
tiachealike form withm the media of the arteries v\ith no or only slight 
changes within the intima Tlie bulging of these deposits wiUun the 
lumen causes narrowing of the lumen and depressions in the inner wall 
of the vessels betvvecn the deposits Tlie lime often undergoes osseous 
transformation The calcareous deposits are easily visible by \rays 
This type of arteriosclerosis is particularly common in the vessels of the 
extremities and imparts a beaded feel to the palptating hand It occurs 
as a rule m the advanced years and is therefore associated vvitli 
genuine arteriosclerosis Clinically it is of httle consequence The 
cause of Monckeberg^ arteriosclerosis is not known In this connection 
it IS well to recall that experimentally animals given excessive doses 
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of ergosterol acquire, among other forms of metastatic calcification, lime 
deposits in the media of \essels that bear a strong resemblance to the 
arteriosclerosis of tlie Sfonckeberg tjpe (ScbiffSO) The experimental 
arteriosclerosis obtained b) adrenalin is also of tins nature (Josue) 

PSEUDO- OR TRANSIENT ARTERIOSCLEROSIS 
This clinical concept, first described b) me in 1928^0 is occasionally 
observed m the course of an aaite glomerulonephritis in young indi 
\ iduals In the early phase of this malady, the radial arteries on palpation 
feel hard and thickened, the blood pressure is elevated, and the diag 
nosis of arteriosclerosis is made and appears justified, a bad prognosis is, 
therefore, given The case is usually diagnosed as an ‘ acute exacerbation 
of a chronic nephritis If the patient recovers, this feel of thickened 
radial vessels disappears The feel of the thickened vessel is not due 
entirely to the hypertonus itself, because the feel persists for two or 
three weeks after the blood pressure returns to normal It is m large 
part due to the hypertrophy of the media that is compensatory to the 
increased intravascular tension analogous to the hypertrophy of the left 
ventricle that occurs in hypertension of the greater circulation Of nine 
cases in which this phenomenon was observed by the WTiter, one came 
to autopsy and the aorta was entirely normal 

RELATION OF RACE TO ARTERIOSCLEROSIS 
Statistics on the racial incidence of arteriosclerosis are notoriously iin 
reliable for many reasons (1) Because many observ’ations are con 
cerned only with clinical arteriosclerosis (2) because mortality tables 
relate only the cause of death and not associated lesions, and (3) because 
post mortem diagnosis of arteriosclerosis is usually made only on the 
presence or absence of atheroma When we consider tJiat the beginnings 
o! anatomical arteriosclerosis are already visible ai a very early age ibc 
study of statistical arteriosclerosis seems very futile, because the percentage 
of incidence will be close to 100 per cent More valuable would be data 
as to how early the grossei lesions of arteriosclerosis appear m different 
races, but such data are not av ailable In lespect to clinical arteriosclerosis 
a staustical study of racial incidence may be worth while Inasmuch as 
the majority of cases of clinical arteriosclerosis (meaning thereby, oc 
elusive arterial lesions cerebral hemorrhage, and chronic nephritis) are 
associated with hypertension a study of die racial incidence of Iiypcr 
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tension ma) sene as an indirect method oEstiidjing this pioblem H)per 
tension is supposed to be less frequent in Japan (\'^ollnrd'ii) China 
(Cadbur) Foster^^) and in Eskimos (Thomas-* 4 ) and indeed these 
t\ riters state that the incidence of clinical arteriosclerosis in these countries 
IS less than in countries avhere hypertension is more common 

Of particular interest to us in this country is the notable rise in the 
frequency of hypertension and clinical arteriosclerosis that has occurred 
m our northern negroes in the past decade or tuo Morever it is out 
impression in Mount Sinai Hospital and confirmed by JafTd-* that once 
hypertension enters it is more liable to pass into the malignant phases 
than in uhites That tins rise is due to emironmental factors is shoun 
by the fact that in nnciMlized Africa the black natises are notoriously 
free from hypertensiie disease Thus Donnison-<c m Kenya Colony oi> 
seraed no instance of hypertension or chronic interstitial nephritis in 
1800 hospital cases Tlie reason for this extraordinary rise in hyper 
tensile disease is a mystery It cannot be diet because diet in so far as 
It is high caloric does not induce hypertension moreoaei the diet of 
northern negroes has not changed It cannot be climate because this 
has not farted Inasmuch as ceitain iirieties of essential hypertension 
are in my opinion the result of psychological conflicts I suspect that 
industrialization and the compeiiiiie forces of modem ci\ilization are 
the dominant emironmental factors 

RELATION OF HEREDITY TO ARTERIOSCLEROSIS 
The study of the problem of heredity and arteriosclerosis offers dif 
ficulties similar to those concerning the relation between race and arteno 
sclerosis All studies hereiofore Iiaie been directed toward the incidence 
of clinical and not to anatomical arteriosclerosis and therefore indirectly 
toward tlie greatest conditioning hetoT nimely hypertension The proh 
lem therefore graiitaies upon the genetic relation between hypertension 
and arteriosclerosis In addition other dilTicuUies are imohed the fact 
that obseri ations of families are made only rarely on more than three 
generations that tlie histones are often ones of hearsay and the diagnosis 
IS unreliable that Families are often too small to base an adequate com 
putation (hat the uidnidtial members of a family may die before the 
hyperiensise age has been reached and finally widi a malady so com 
mon the laws of chance would make the occurrence of hypertension 
'eiy probable in more tlnii one member of a famih or in two or more 
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generations Nevertheless despite these handicaps sufficient data have 
accumulated that show that hypertension occurs in families higher 
than the mere laws of chance would allow Thus OHara W'llker and 
Vickers-i* found that m 68 per cent of a group of hypertensives there 
v\as a history of some manifestation of arteriosclerotic disease such ns 
apoplexy henrt disease nephritis arteriosclerosis and diabetes while 
of a control group only 37 5 per cent presented n history of familial vnscu 
Inr disease They concluded that n family history of vascular disease 
IS almost twice as common in a patient with hypertension as m one VMih 
out Reports of the familial incidence of hypertension are too numerous 
to quote m detail but Weitzs^S report is interesting because his studies 
v\ere well controlled The follovimg table shows the number of hyper 
tensive relatives m a series of 82 proven hypertensive patients 


In three generations 6 

In one parent or both and in several siblings 13 

In one parent or both and in one sibling 22 

In one parent or botli only 22 

In several siblings only 3 

In one sibling only 10 

In none of the relatives 6 


Thus in 76 8 per cent, one or both parents gave a history of having 
died from some form of artenosclerosis while m a control senes only 
30 3 per cent died of similar conditions Aforeover ^V'eitz found tliat ilic 
parents of hypertensives died at an earlier age than tliose of the non 
hypertensives or control group and that the siblings of the hyper 
tensive patients presented higher systolic pressure than the siblings of 
nonhypertensives "When one takes into consideration that some of the 
hypertensives had lost siblings from hypertensive disease the incidence 
of hypertension m their siblings would have been much higher AVeitz 
believes that there is an mlage for the development of hypertension 
that It does not appear until the later years of life and tint m the 
Mendelian sense it is a dominant quality * These findings are m accord 
witli impressions obtained by cliniaans vMth long experience Mnny yenrs 
ago Osier called it bad tubing However as in many problems con 
ceming the heredity of acquired characters the question as to how much 

• That anlage ma> onl) appear later in 1 fc is proven by the invest gat ons of Connet^O 
in pern aous anemta He found an esiiaord nai} b ^ percentage of achlorhydria in refatisc* 
of pal enis i ilh porn nous anemia \ hcrcas adilorhydna is iinkno n in infants 
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of a tendency is genetic and how much is the result of em ironmental 
fictors cannot be so easily answered In other isiards in how tar is the 
constitution for hypertension genotypic or phenotypic? I am afraid that 
until a race of animals with hypertension can be deteloped m which 
breeding can be controlled avithont the cultural and the host of other 
ensironmental factors that affect man a precise answer will probably 
ne\er be gnen In a previous paper-*® I tried to show that hypertension is 
definitely related to en\ ironmental factors that such factors are sometimes 
far 1 caching is eiideiit in the enormous difference in the incidence of 
hypertension in negroes in then natite habitat and in civilized countries 
The mere fact that a child of a hypertensive father develops hypertension 
does not give one the right to conclude that he has inherited it 

Temperament and character are often imitative \s the problem 
stands at pi esent therefore all that one can say is that the constitution 
IS probably composed of both genotypic and phenotypic ciniacters but 
in what propouions and in what relations is difficult to say 

DIAGNOSIS OP ARTERIOSCLEROSIS 
The conventional method of diagnosing arteriosclerosis by palpation 
of the radial artery and by observing tlie tortuosity of the tempoial arteries 
IS of little clinical consequence because this thickening and tortuosity 
are late phenomena and furnish inadequate information concerning the 
condition of the remaining arterial tree rurthermore palpation furnishes 
information concennng the condition of tlic media alone Fischer and 
Schlayeri'i have shown that when the arteriosclerosis is limited to changes 
m the intima the artery is not (hickened to Uie palpating hand As 
they have shown (and this observation has been confirmed by the 
v\riter) the feel of thickening is the result of actual hypertrophy of the 
media or of hypertonus itself 

In the last analysis the determination as to whether thickening of the 
vessel IS present or not adds but little practical infoianation to the 
clinician because as has already been pointed out it is the funchmcntal 
functional cJiange (liypertension) that leads to clinical disorder and not 
the arteriosclerosis / er sc 

For tlie determination of anatomical arteriosclerosis probably the 
best method is that of A V Hill who devised a liot wire gahinometer 
that is extremely sensitive to tht slightest puff of air By applying this 
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instrument in connection nith a double string electrocardiograph, the 
rate of the pulse t\a\e velocity is determined Inasmuch as the pulse 
uave velocity is directly proportionate (diastolic pressures being equal) 
to the elasticity of the sessel wall, it was found that this selocit) was 
increased in arteriosclerosis, and the more intense the arteriosclerosis, the 
greater the %eIocit). For clinical purposes, here again, the \alue of 
such determination would not be great, but it should prose of value 
if determined periodically to ascertain the progress of the lesion. 

PROPHYLAXIS 

Inasmuch as arteriosclerosis of the greater circulation is a normal 
mvolutionar)’ process, the so called descrescent arteriosclerosis of the 
senescent )ears cannot be prevented. Prophylaxis only plays a role in 
respect to tlie arteriosclerosis that arises from hypertension. This involves 
tlie problem of the cause, prevention, and treatment of hypertension, 
for which the reader is referred to the chapter on Uiis subject. At the 
present, all that need be said is that hypertension is essentially a by* 
pioduct of civilization, and the result of a lack of adjustment between 
the individual and the swiftness and complexity of modern life. The 
wTiter behev es much can be done, especially by educational and by dietetic 
treatment, to present, arrest, and slow the progress of hypertensive disease. 

TREATMENT 

It is obvious that once arteriosclerosis of the greater circulation has 
developed, nothing can be done to restore the artery to its normal 
texture, for the simple reason that normal intravascular pressure can 
not be eliminated The most that treatment can do is to partially or 
completely restore the function of the organs that show clinical damage 
Speaking in general terms, the treatment of arteriosclerosis may be dis 
cussed under the following headings: 

1. Educational: It is well at the beginning of treatment to allay 
the fears of the patient. ‘‘H.ardening of the arteries" is always associated 
in the patient’s mind with general decrepitude, .apoplexy and sudden 
death The patient should be instructed tluit arteriosclerosis is often 
compatible with longevity, and that even when certain vital organs show 
some damage, reasonable care may prolong life indefinitely If the patient 
has hypertension, he need not be told all die possible dire consequences 
Unless certain oigans, such as die brain, the heart, or the kidneys arc 
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greitl> compromised the pitient should not be made to feel he ts a con 
firmed imalid and that all activities not directl) concerned uith the 
pursuit of health should siraightuay be abandoned Under ordtnary 
circumstances, thcrejoie, it ts unwtst to advise complete retirement fwm 
business, unless the business involves too gieat a physical and more espe 
ciall) a menial strain Such ad\ice is given altogether too lightl> and too 
frequentl) and experience is common that such individuals go to pieces 
rapidl) aftei retirement for the reason that they as a rule have no leal 
interest outside of their business They become morbid self absoi bed 
and deteriorate mentally and death comes within a few yeais 

2 Exercise and Rest Unless the lieart is seriously damaged or the 
function of the lower extremities is compromised by arteriosclerotic 
gangrene exercise is an important adjuvant in the treatment of arterio 
sclerosis Exercise is of benefit for a number of reasons (i) Jt maintains 
the patient in an athletic condition a state of being that cannot be meas 
ured in physical terms and vvhicli may be defined as that state winch 
obviates the feeling of lassitude (e) By increasing oxygen content it 
increases the basal metabolic rate and thus coinnbmcs to a loss of weight 
Other things being equal jiatients with arteriosclerosis are usually better 
physically and feel better when they are thin than when they are over 
weight This applies especially to tliose patients whose arteriosclerosis is 
associated with hypertension ( 3 ) Exercise opens the reserve capillary 
bed (krogh) and ttuis loweis tlie peripheral resistance There is no 
doubt that the maintenance of a high dnstoUc piessure is in part the 
result of an increased resistance in the peripheral capillaiies (j) ^\hen 
the arteriosclerosis is associated with diabetes the v due of exercise iii lais 
mg tolerance is acknowledged (Jovlin''*’) Exercise for arteriosclerotic 
patients sVionld never be Molent The anetboi^ is ava\king and golf 
Gymnastic exercises have been found by the water to be of little avail 
Horseback nding is also applicable in many instances 

Rest IS only indicated when the general condition of the pUient is 
extremely poor and when the heart and extremities are affected The 
patient should be encouraged to take frequent and extended vacations 
not for the purpose of rest but in order to siimulaie fresh impressions 
It is change not rest that is essential For this reason noinrduous travel 
IS more to be pieferred thin a monotonous hotel existence Tlie vvnter 
has not observed that spa treatment is of any value to patients afflicted 
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uith arteriosclerosis except in cardiac alFectations and then the \ilue of 
the treatment lies not so much in the iraters is in the chinge of scene ind 
tlie regulation of the dail) regime and the diet 

3 Diet It has already been shoisn that diet his no influence upon 
the de^elopment of arteriosclerosis itself \e\ertheless the matter of 
diet has a v er) profound influence upon certain of the sequelae of arteno 
sclerosis i e the cardiac (myocardial insufficienc) coronary disease) the 
pancreatic (diabetic) and the renal (Bright s disease) It also has a % eiy 
important bearing upon the most important precursor of arteriosclerosis 
namely hypertension It is now ivell established that such patients ivhen 
o\en\ eight are decidedly benefited by a reduction cure and the only 
kind of a diet that is at all indicated in such conditions is other things 
being equal one of loi\ caloric \alue Such a diet must necessarily be 
high in protein and lou in fat and carbohydrate It is for this reason 
that the comentional loi\ protein diet for arteriosclerosis and hyperten 
Sion does more harm than good because die carbohydrate and fat substi 
tutes inCTcase the body \ eight 

It IS obMOUS that rvhen azotemia has deieloped in tlie course of renal 
disease a lotv protein diet is indicated 'When arteriosclerosis is present 
in a lean person or one of normal weight diet is of little avail except 
to maintain the weight at the point of maximum eflicienq There is no 
point whatever in excluding condiments Salt is cut down not so much 
because it has any effect upon the hypertension but because excessiv e salt 
mil cause thirst and thus bring about viaiter retention which is one of 
the important elements in maintaining excessive weight Alcohol has no 
effect v\hatever upon arteriosclerosis except insofar as it contributes to 
the gaining of v\ eight It is therefore better in most instances to exclude 
It Coffee and tea are not contraindicated in arterioscierosis irnfess die 
patient s sleep is affected thereby Smoking is also not to be interdicted 
unless the patient has coronarv disease In such instances the effect of 
the absorption of nicotine is profoundly detrimental (Moschcowitz^J**) 

4 Drugs No drug has thus far been discovered nonndeed 

ing from the genesis of arteriosclerosis as it has been outlined) is it hkeh 
that a drug v ill ever be found that will cure the arteriosclerotic lesion 
The only way in which drugs may be useful m arteriosclerosis is by in 
fluencing the function of organs damaged by the lesion 



ARTERtOSCLEROSIS 


156o 


Potassium iodide ivhich hitherto has been most i\ulely employed in 
die treatment of arteriosclerosis has not prosed of any value vshatever 
Its employment in arteriosclerosis probably dates from its proven value 
in syphilis but as everybody has shown syphilitic arteritis is not arteno 
sclerosis Rosenthais-t reports tliat iodine administered to cholesterol 
fed rabbits prevented the deposits of Iipoid in the aorta He believes 
this action IS dependent on increased thyroid activity However this 
effect cannot be consistently applied to the treatment of human arteno 
sclerosis Nihoglycertn has been employed in arteriosclerosis because it 
reduces blood pressure Its effects however are very transient and it is 
therefore of influence only in relieving spasmodic symptoms associated 
with arteiiosclerosis such as the pains of augnw ptclous The caffeine 
preparations are useful in arteriosclerosis only in such instances where 
diuresis is essential as in cardiac or nephritic dropsy Inasmuch as certain 
caffeine derivatives such as dturehn and wclaphylliuc have been shown 
to dilate the coronary arteries these preparations have proven of value 
in lessening the frequency and intensity of nngival paim 

Sedatives such as chloral, the bromides and the coallar hypnotics 
are indicated in artenoscleiosis when the patient is restless and a poor 
sleeper Under such circumstances the effects of these drugs upon the 
hypertension is often very teal Otherwise the inihscnminaie use of these 
remedies in arteriosclerosis is to be deprecated The patients are often 
depressed already and to make them more so by the use of depressing 
drugs IS unwise Digitalis is a sovereign remedy m many of the sequelae 
of arteriosclerosis especially in myocardial insiifliciency and in some of 
the cardiac airJiythmias evtrasystoles auricular fluttei and fibrilJation Its 
indications here aie the same as those in cardiac conditions from whatever 
cause Hypertension in itself is now no longen egarded as a contramdica 
tion to Its use 
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CHAPTER LI 

PERIARTERITIS NODOSA 

Damd L Tarim MD 

Synonyms Poljartentis aciiti nodosi pDljirteriijs noilosa pcnar 
terms nodosa 

Definition Pernrteritis nodosa is diancterizcd by a peculiar in 
voUement of the avails and adaentma of the nieduim sized arteries and 
the formation of nodules along the course of the vessels 

Review of Literature Kussmaitl and Maicr in i8G6 first described 
periarteritis nodosa As in the case reported hereuith a tentative diag 
nosis of inchinnsis was made in their case subsequently proven to be a 
mistaken diagnosis by biopsy Hams Lynch and O Hare in June 1939 
were able to find Qj cases m the English literature They add six cases 
making a total of 101 cases Their table showing frequency of symptoms 
and signs in 101 cases is inserted in tins article 
ETIOLOGY 

The disease is rare In the reported cases 11 has occurred more fre 
quently in men than in women It is said to occur spontaneously m ccr 
lam members of the deer family The exact ct10log1c.1l agency Ins not 
been definitely determined Considerable work Ins been done with 
guinea pigs rabbits and monkeys in the attempt to settle definitely the 
question of etiology Streptococci and fihrablc viruses have been pui 
forward as causing the disease 

PATHOLOGY 

The lesions of the disease arc most micrcstmi, AU)n„ tiie course of 
the arteries involved small projecting nodules arc scattered These 
nodules vary in diameter from 3 mni down to some which cannot lie 
recognized with the naked eye Tlic notlnlcs may run together or l>c 
distributed at intervals of 1 to j nun TIic lesions are most apt to oiciir 
abundarith m the mcscnicric arteries of the capsules of the abdonumi 
viscera However the distribution nnv be very widespread involving 
also the vessels of the skin heart and brain The microscopic apjvcaniicc 
(I5GS) 
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FicvxE 1 rhotomiaugnpli o£ tynial Imon in gnstrmmius muscle obtained at 
biopsy Note necrosis ot medu palisade of monotniclean about U and mnammation in 
adseniiiia k C7 (Taylor ind larlc> Bull \scr Clin LnlxniorN) 



FirtKE 2 FhoiograpVi ol mitial va\s6 showing (a) thitVcnins of vaUe and 

chordae tcndineie (f) prmnineul scssels exicmling to tdqc of 'abe and (e) pmarieritic 
nodules along them ^aylor and Farles Bull \)ct Clm Laboratory) 
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of die lesions is perhaps the most cliamctenstic feature of the disease 
The media and adaentitia of the \essels are infiltrated i\ith pol> 
morphonuclear leukoc>ies Aieas of necrosis are found most frequentl) 
in the medial coat but may also be seen in the adventitia There may 
be abrupt transition from a necrotic portion to the unaffected part of the 
vessel wall The arteries of nerve trunks may be involved In a case seen 
by the wariter the coronary arteries showed striking noduhriiies The 
capsules of the liver and spleen may show generalized thickening widi 



w It 

ricLRS 4 4 Phot m cr ST3|1 of i od 1e on U c i r c lar t tfjtc of ihc m iral 

IcaficlOo n nFrcsrS X Jt ii ognp) food icsalo gpalvcscb w or pi 1 
1 l>e of bra n X ” 4 (Ta>l rid F4t!c) B 11 A cr Cl n Lai on ory) 

opaque strands of tissue made up of collapsed antnes witli nodules along 
tlieir course 

SYMPTOMS 

The symptoms of the disease follov from the situation and extent of 
involvement of die arteries Because of this fact the symptomatology is 
so baflling m extent that the diagnosis is seldom arrived at clinically 
There is usually moderate fever Tlie disease pursues a subacute course 
with gi-adinl decline in the patient s condition Involvement of die nerve 
trunks may lead to weakness of muscles pain atrophy anestlicsia and 
paralysis The tendency of die formation of aneurysms along the course 
of the vessels may give rise to rupture and liemorTlnge with its attendant 
symptoms For example in the brain tlierc may be a sudden apoplexy 




Fit.Ltr 5. A, l‘liotc«inIfi('jp-3pli of tnliim o( j nwlolr >l'>nS > fotoa^ry aitcry ^f«m^n 2 
gunt crili forTnln^ a pjit of ih? innatnmaiort mttioti in ifir iniima. X icn. In'rtt 
mUrjcrtl of n»o Rijtit rc1l». X ^IC. JT. rhiHonntToRtaph of »«lK>n uVcti ilitwfsti a 
fiocfnie alor^ a tneorun arfrr* ifiowJffjf adtcnmuf nwmxi V ft". ao'J Tarfw 

Bull A\cr Clin. IjlioTsiorv) 
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Ficirf 6 /f i I)otomicTograp!i of 5«cr on €>f nod !e in d aj j X ti) S Phoio 
micrograj h *1 o s les oi in one of il c aiicrm m a iienc ininV. from tacwl i Icxim X 91 
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CARDIOVASCULAR DISEASE 


FREQUEMTI of SlMPTOMS A^D SiCSS 1\ 101 CUES OF PERIARTFRmS NODOSF* 


Fever 

Frequency 


Fre^uenev 

80 

Headaclie 

Leukocytosis 

70 

Arihniis 

27 

Albuminuria 

63 

Atrophy 

2a 

Rapid onset 

58 

Visual disturbances 

23 

Abdominal pain 

57 

Purpura 

22 

Edema 

52 

Cyainosis 

21 

Loss of weight 

^8 

Eosmophilia 

19 

Neuritis 

48 

Nausea 

17 

Hematuria 

47 

Nodules 

16 

H) pertension 

46 

Pam in the chest 

ir» 

D)spnea 

41 

History of allergy 

15 

^Veakness 

41 

Convailsions 

15 

Emaaation 

36 

Ictenis 

12 

Cough 

36 

Vertigo 

8 

Vomiting 

31 

Positive serologic reaction 

8 

Sensory involvement 

31 




• Penartenus Nixloja Harm \lfr«l W Ljnch George M and 0 Hare Jama P Vrch 
Till M 6 } lies (June) 1939 


DIAGNOSIS 

In recent )ears relau\ el) more cases ha>e been diagnosed before deaili 
because of more frequent use of biopsical methods Not infreqiientl) 
the clinical condition suggests tnchiniasts In a number of cases there 
has been a nell marked eosinopliilia Section and stud) of the excised 
tissue leads to the correct diagnosis In reported cases, the leukoc)te 
count has \aried from normal to 30,000 or 40000 per emm In a case 
reported b) Osier, the count final!) reached 116000 per emm There 
ma) or ma) not be eosinophiJia In the case reported b) J Spottisuoocl 
Tajlor tliere were 72 per cent eosinophiles 22 per cent neuirophiles and 
6 per cent I)mphoc)tes nith a total count of 25 700 

PROGNOSIS 

The prognosis is usuall) fatal Jager Ins suggested that cases ma) be 
o\erlooked, ma) reco\er, and that the true nature of die condition only 
becomes apparent at necrops) A better method for diagnosis uould 
enable the clinician to establish the milder cases of the disease This 
desideratum depends upon, no doubt tlie definite establishment of an 
etiological agent 
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TREATMENT 

This IS symptomatic General measures, such as rest in bed nourish 
mg diet fresh iir ind sunshine ire indicated Rupture of in aneurysm 
in the \essels of the brain oi eheuliere often mark the end of tlie active 
course of the disease 



Tkvkt 7 rii< uit»<rro(,r»f)h of wtionlhrougfi a brand of (fiemesetuenc 
artery shtnvuiR ihe distnl i iioti of nodules Uong i« counc X iS'/i (Tjylor and Farley 
Dull A>erriin L.iboraiory) 



1 ici RF 8 Enlargeil Mcv < [ Tcrtangiilir area Uiowii m TiroRF 7 Ni ii ibnipt trano 
lion fri in nccTolic port >n lo ihc imllecied pin < f \es<€l mil X 1.17 (Bull \\cr Cl n 
Laboninr) } 

Case Report M ^V', svhite female 35 years of age die present ill 
ness began in May 1932 svhen both ftti became swollen and somcvNJiat 
painful She descloped signs whicli her jiliysician interpreted a serum 
sickness aliliougli there s\as no record of scrum having been given 
Shord) after dus episotle herasdimattcatiicks ceased with raUier snrding 
suddenness never to return and her feet greadj improved Tlircc weeks 
before admission to the Cooper Hospital there was a feeling of numbness 
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in her right foot A few days later the foot became swollen and painCul, 
so that she could not raoie her toes One sveek later a process like that 
in her right foot began in her left foot and continued to gron worse t\hile 
the right improved considerably A few days before entering the hospital 
her right hand became affected On admission her temperature, pulse and 
respirations were normal and the systolic blood pressure tvas 154 mm Hg 
and the diastolic 98 mm Hg 

The patient Avas a pale, poorly nourished noman nho lay quietly in 
bed The mucous membranes shoned marked pallor There was a slight 
lateral nystagmus and a fine tremor m the protruded tongue The heart 
and lungs were normal on physical examination No masses could be 
palpated in the abdomen, which was scaphoid Pehic and rectal exam 
ination revealed nothing of significance The lymph nodes o\er the body 
were palpable, but were not tender Reflexes m the extremities were 
somewhat diminished and the abdominal responses were lacking No 
clonus or Babinski signs could be elicited There was a loss of tactile 
sensibility oser the distribution of the right ulnar nene and an inability 
to extend Cully the fourth and fifth fingeis oC the left hand The blood 
studies showed 75 per cent hemoglobin (Sahh) , 3 9 million erythrocytes 
25,700 leukocytes with 22 per cent ncutrophiles, 72 per cent eosmophiles 
and six per cent lymphocytes and a n^atisc ^Vassermann reaction She 
had a blood sugar of 87 per cent, a blood urea N of 14 5 mg per cent, 
and a blood creatinine of I 2 mg per cent The unne was clear, amber, 
and acid, had a specific gravity of 1 030 and contained a trace of albumin, 
a few white cells and occasional hyaline casts A specimen of stool con 
tamed occult blood but no parasitic ova A study of the spinal fluid 
revealed no abnormal findings and roentgenograms of her chest showed 
no signs of disease 

A tentative diagnosis of tnchiniasis was made because of symptoms 
and eosinophilia and a biopsy was performed The tissue from the gastroc 
nemius muscle showed no tnchiniae, but the small arteries showed the 
typical alterations seen m pienarteritis nodosa There was marked edema 
and infdtration of the vessel wall by large numbers of eosmophiles and 
plasma cells together with leukocytes This mflammaton reaction ex 
tended well out into svirrounding ussue There was extensive necrosis of 
die media, and this necrotic zone was surrounded by a palisade of large 
mononuclear cells containing large vesicular nuclei and abundant cyto- 
plasm 

During the first month m the hospital the patient improved some 
what, but the pain in her arms and legs persisted There had been no 
elevation of temperature 

On the first day of October it was noted thtt the patient was drowsy 
She did not respond to questions and it was thought tint she had a mild 
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con\«lsi\e seizure. There was a paraljsis of the tight leg and die sjscohc 
blood pressure rose abruptly to 170 mm Hg and the diastolic to 124 mm 
Hg. A blood sugar determinaiion shossed 125 mg. per cent. A blood cul 
lure remained sterile. Trvo days later she svas greatl) improsed but 
complained of “seeing double" An ophthalmological examination made 
by Dr. George Meyer repealed a diplopia The pupils reacted satisfac- 
torily and the ocular tension was normal. The only abnormal finding on 
ophthalmoscopic examination svas a slight elevation of the nerve heads 
Tw’o days later Dr. J S Shipman noted hemorrhage in the retina slightly 
below and to the left of die optic disc There vsas definitely more eleva- 
tion of the nerve heads than present two days previously. 

During the next 30 days the patient recovered from her stupor, the 
diplopia disappeared and she regained the ability to move her left leg 
slightly. On December 15th, fresh groups of hemorrhages were found in 
the retinae, but the patient complained of nothing more tlian persistent 
pains in her arms and legs. She lapsed into coma suddenly on December 
23rd. The breathing was deep and irregular and was interrupted by 
short periods of apnea. The right pupil was widely dilated and both 
failed to respond to light stimulation The nglit side of the face vvas 
paralysed and the right arm and leg vvcrc flaccid. The sysiohc blood 
pressure again rose rapidly to 210 mm. Hg with diastolic to 112 mm Hg 
and the pulse inaeased to 88 per minute. On the morning of December 
24, 1932, she died. The clinical diagnosis was periarteritis nodosa and 
right cerebral hemorrhage. 
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THROMBOANGIITIS OBLITERANS 

2Jy Leo Buerccr M D 
CLINICAL CONCEPT 

In the )ear 19081 the nppell'iti\e tliromboingiitis obhtenns it 
this authors suggestion became a neologism for tlie Mscuhr iffetiion 
subsequent!) denominated Buerger s Disease b) the medical profes 
Sion Oddi) enough )Oung adults between the ages of 20 and 40 )cars 
are the most conspicuous and frequent sufferers and it is because a gan 
grenous comphcation may begin m these carl) years that the denotations 
presenile and )uvemle gangretie have been frequently employed In one 
class of cases tliere are rather characteristic attacks of ischemia The pa 
tients complain of vaigue indefinuel) localized pains in the foot in the 
calf of the leg or in the toes and particularly of a sense of numbness or 
coldness whenever the weather is cold inclement and othervMse un 
fav onble 

Upon examinauon we observe that one or both feet are blanched 
in some almost cadaveric in appearance when horiromally placed or 
elevated often cold to tlie touch and that neither the dorsalis pedis 
the posterior tibial or even the popliteal artery pulsates When the foot 
becomes vs-arra some color gradually retuins Some of tliosc affected 
complain of rheumatic pains in the vitiated and imjiaiied leg others 
are able to walk but a short distance before the advent of paroxysmal 
shooting cnmphke pains in the calf of the leg ankle or foot makes if 
imperitive for them to stop short in their walk Many indeed most 
give such peculiar and distinctive features of inlenmttgnt claudtcntion 
After months— or in some cases even years have elapsed— trophic dis 
tiirbances make their appearance 

It IS at this stage tint another rather unique manifestation is apt to 
be conspicuous one which gives Uie fool the apjiearance of redness or 
rubor oft mistaken for erythromelalgia In the pendent or depressed posi 
non a bright red bhish of the foes in the anterior part of the foot comes 

(1579) 
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on rather rapidly, extending in some cases to the ankle or o\ci the leg 
Soon a blister, hemorrhagic bleb, or ulcer develops, ctistornarilj near the 
tjp of one oE the toes, usvially on the big toe, frcquentl) under the nail: 
and, when this condition ensues the local pain becomes intense. Such 
“trophic disturbances'* ma) at times make little progress and extend 
barel) at all, but may last for months; sometimes, however, the skin in 
the neighborhood shows cyanotic discoloration, and dry gangrene of 
the whole toe is an early eventuality. 

The left leg is usually the first to become affected, although both 
limbs may show vascular disturbances almost simultaneously; and, when 
such IS the case, the trophic changes, the isclicmia or the reddening may 
give rise to a symptom complex or syndrome often mistaken for Ray- 
naud’s disease. In short, after longer or shorter periods, characterized 
by pain, coldness of the feet, ischemia, intermittent claudication, and 
erythromelalgic symptoms, evidence of trophic disturbances, cutaneous 
defects and ulcers appear which may finally jiass over into a condition 
of dry gangrene. 

CLINICOPATHOLOGICAL ACCEPTATION 

Asked to forimilate a general cHnicopathological notion of ihiom- 
boangiitis obliterans a theory and analogy could thus be formulated: 
Imagine a patient seeking relief for acutely swollen superficial veins of 
the lower or upper extremities, of sudden advent, and with all the nnni- 
festations of an acute thromboplilebitis Imagine this process involving 
a considerable portion of the slista! territory of the internal saphenous 
vein, foUovsed by abatement ot symptoms, and consequent TcsoUuicnv or 
heating. You vsould be in no doubt as to the habitual pathological alter- 
ations nor as to the usual clinical course of the condition, though your 
apprehension and estimation of the etiology would in most instances, at 
least, be obscure. 

Transfer this picture to the dccj>cr vascular system, over the distrilm 
tion of the external and internal plantar arteries and veins, the dorsalis 
pedis, anterior libial, posterior tibial, the peroneal, popliteal and femoral 
arteries and veins— more rarely in sjjcrmaiic, ccrcbr.i!, ocular, coronary, 
renal, pulmonary, facial, -or nicscntcric vessels— occasionally, with lesions 
m territories where objective apprehension of v.ascular occlusion itself 
is obscure— and yon will be dcpiaing to yourselves, what corrcs|X)n(ls to 
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the author’s assumption of the pathological process in the disease, throm- 
boangiitis obliterans (Buerger’s disease) . Here, too, we postulate an 
acute inflammatory svith a thrombotic lesion, but one involving deeply 
situated arteries or veins, or both, as the initial stage of the structural 
deviations from normal. 

Doubtless many of you have seen cases of migrating phlebitis in pa- 
tients tvho are hea\7 smokers, or rvithout ascertainable provocation, 
where the territory of the saphenous vein or other large superficial vein 
becomes occluded, often tender, and, where the differential diagnosis 
between migrating phlebitis of what may be termed a “bland type” and 
migrating phlebitis associated with and characteristic of tliromboangiitis 
obliterans should be made. If we exsect a portion of the vein in throm- 
bophlebitis of the bland type, we find, it is true, slight changes in the 
media, but an occlusive thrombus that presents no characteristic lesions. 
In such cases we are dealing with thrombosis alone, superimposed upon 
vessels that are damaged by various influences, tobacco or other causes. 
In thromboangiitis, however, when migrating phlebitis occurs, certain 
specific architectural changes can regularly be diagnosticated and found 
under the microscope. That soinetlnng else must call forth or evoke such 
remarkable structural complexes seems unquestionably true. 

In arteriosclerosis, too, thrombotic lesions occur u hen a so-called ke)’- 
stone clot closes the last remnant of the lumen of a partially narrowed 
vessel. But in such a clot the typical lesions of thromboangiitis are 
absent. 

Whereas, the patient afflicted with an inflammatory and ihiombotic 
lesion of the superficial veins presents objective signs easy of recognition, 
the patient suffering from thromboangiitis obliterans in its earlier stages 
may oiler no objective evidences suggestive of the true nature, or of the 
site of tlie lesion. 

It is the interference with the circulatory' conditions of the limbs 
brought about by the extensive occlusive process that is responsible for 
most of the clinical manifestations of thromboangiitis obliterans, so 
that it may be correctly said that patients afflicted with thromboangiitis 
obliterans do not suffer so much from Uie disease itself as from the dis- 
astrous occlusive thrombosis which signalizes Nature’s method of healing 
a vascular lesion that has long since disappeared. 

2—39 
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pathological concept 

In the formuhtion of the t\Titcr’s concept of tlnomlwangiitis 
ans he postulates that pathological lesions in either deep arteries and 
\eins oi in l)Oth, oi in superficial \cins, more especiall) of the cxticmitics, 
of primarily inflammatorj nature, occur in respect to time in uliolU 
foituitous manner, and, in a spatial sense over segments of arteries or 
\cins without essential law abiding continuity or prog^cvsi^encs^ of diret- 
tion Because of a tendency to recurrences of similar lesions, capable of 
embracing continuous or discontinuous \ascular domains of considerable 
extent large territories may become iiuolsed. 

At the onset one coat alone is ajiparently raicly, if cvci, diseased, but. 
as far as is determinable, almost simtiliancously all coals of the alTiticd 
vessel are inflamed. Immediately thereafter red thrombosis ensues al- 
though at nines the inciting agent provokes parietal thromboses of more 
resinned extent, then follows a rcsorptivc replacement and piolifcrativc 
process in the clot tending to organiratton; in this, there are developed 
certain chaiacicristic signs of aliortive attempts at capillari7.atlon, devi.ii- 
iiig in architecture from the normal, and productive of charattcrhiic 
giant cell foci; then passing over Into stages of connective tissue rcpi.itc 
ment, which finally yield occlusive and ftbrotic masses oft indistinguish 
able from (he tissue clahoratctl by noninnaminaiory substitution of bland 
clots or organi7.iiion, leaving vasculariraiiou of adventitia and mcilii 
and perivascular fibrosis as perimncnt effects. 

However characteristic these pitiincs nny be, they may and usuilly 
are assochitctl elsewhere with other tmrinsic lesions of the mural layers, 
as well as extrinsic obturating pniccvs. viz., ibc flcvclopmcnt of seconchry 
intimal degenerative lesions and elastic fiber formation within the previ 
ously affected, ocrludetl and filiroscd vessels; or, and, scconcLiry intimal 
sclerosis in |)atcnt arteries vHicn most of them, however, arc unaffected: 
and. the supcrimpositioii of stagnation, accretion and bland clots ujion 
those segments already filled with the specific characteristic clots; or. 
and, by virtue of tlie impaired circulatory conditions, the appearance 
and siibscfjiicnt iransformaiion by oiganl/aiion. of stagnation, static or 
even infective types of thrombi, indejiciulcnt in origin of the prirmry 
disease, but associated vvith conditions easily explained upon the Insis of 
purely local events in die territors supplied or with deranged cirrul itioti 
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It IS concomit'tm nonspecific bl*ind thrombouc nnd sclerotic in 
tramural \isciilai changes which mi) be misleading to the pathologist 
for if they alone are examined or if no others are aaailable for study 
grave doubts xvill ansc as to the apphcabiUiy and dependability of the 
pathological criteua just laid doun and which constitute the essence of 
this vascular malady 

^Vith the descriptive appellation thiomboangiitis obliteians pioposed 
by the wnter in 1908 it was intended to give a concise designation to a 
pathological entity one in which emphasis was made on the coincident 
although not necessarily coequal importance of vascular inflammation 
and occlusive thrombosis as comprising the essentiil lesions When ap 
plied at tliat time to a certain group of cases with characteristic alterations 
in extensive vascular domains and with many symptomatic features in 
common clinical and pathological data then available although nu 
merically large were not drawm from sources sufficiently varied m geo 
graphic distribution to confirm the suspicion already then entertained 
that other types of inflammatory and thrombotic lesions clinic illy 
simulating tliromboangutis obliterans would eventually be recognized 
111 addition to arteritis complicating infectious disease and trauma sypln 
litic and tuberculous lesions and the well known periarteritis nodosa 
Indeed there has accumulated in the literature of the last ten yeais 
a mass of data the interpretation of which has tended to make confusion 
worse confounded there have been offered many different conceptions 
as to tlie pathogenesis of this disease 

^Vherever the view of an investigatoi or commentator has been at 
nuance with the pathological concept set forth above the case or cases 
or material under consideration did not belong to the group to u Inch 
the medical profession has given the name Btterger^s disease Tfirom 
boangiitis obliterans (Buerger) is a pathological but not a clinical cn 
tity in the formal sense The clinical course in toto lather than over a 
short period of its existence often furnishes adequate data for diagnosis 
A piesiimptive conclusion may be made certain if pathological tissue 
in tlie form of material derived through ablation of a member or 
through excision of inflamed superficial veins be available 
OTHER THEORIES OF PATHOGENESIS 

Until specific disease producing agents in the fonn of microorganisms 
or viruses vmU have been discovered for different tvpcs of arterial or 
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venous lesions attended tsith histological etidences of inflammation the 
great \ariet> of interpretations non offered mil continue mthout pros 
pect of abatement and perhaps -will be modified onl> in the sense of 
an increase m number and degree of complexit) rather than of siraplifi 
cation and clarii) The pathologist is confronted here mth a situauon 
quite analogous to that nhich still obtains in the soluuon of the nature 
of rheumatic lesions 

If the pathological catena given above are adliered to very closel) 
It mil be possible forthmth to exclude from consideration as wholly 
inapplicable and inappropriate the following theories whose justifica 
tion lies only in the availability of naught but basically different morpho- 
logical material This has often been misinterpreted because of easily 
explicable and nonessential resemblances with some lesions of throm 
boangntis obliterans The inapt idenufication of alterations of throm 
boangntis obliterans mtlx certain intimal and thrombotic processes has 
led to further uncertainty The lesions to which erroneous cvplanatioiis 
have been given are those secondary to the specific alterations of throm 
boangntis obliterans and whicli in their architectural configuration are 
almost identical with similar changes of other types of diseased vessels 
Utiforlunatel), these have been faUactoiul) accorded the dignil) of tn 
trimtcaUty by many confused commentators Tims the following notions 
may be rejected as wholly incongruous irreconcihble and inadmissible 

1 Proliferation of the iniima (\ ^\iDinarter) or endarteritis obht 
erans 

2 Encroachment by the thickened intima on the lumen by reason of 
superabundance of elastic fibers arteritis elastica (Wilonski) 

3 Stenosu of small Mood vessels by proliferating intimal thicken 
ing made up of elastoblasts and their products i e clastic membranes 
secondary thrombosis may be superadded or not lelangtostciiosis 
(Krompeclicr) 

4 Either a fibroplastic hyperplasia of the subendotbehal con 
ttecUve tissue stratum uiih media intact {e) an endarig/tis or endarier 
itis uith new formation of intimal cushions without thrombus formation 
or an inflammatory infiltration followed by radiate vasculariuilion from 
all sides and formation of a vascular blastema an acute arteritis or pile 
bitis also independent of and v ithout thrombosis 

5 A producuve endarientis an endovastic (endovascular) swell 
ing not primary but consequent upon exogenous traumatic influence 
such as cold (Gruber) 
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6 focal, intensive narrowing or closure of artenal lumina by multi 
pie tnlimal cushions and also by seoandary thrombosis Primarj lesion is 
a fibrinoid necrosis of the mtima the lesions m the smaller arteries of 
the type of periarteritis nodosa (Jager") 

7 K.arsner3 suggests this classification of arteritis 

Acute Alteratise (degenerttive) necrotuing exudative vege 

tative (throraboartcritis) proliferative and oiganizing 

Chronic — combinations of Intimal medial and adventitial 
T A O would fall into the group primary acute Uirombo 

artentis {o]loi\€(l b) a stage of organizing artentis 

ENIGMA OF VASCULAR DISEASE 
Certain more readily understandable vascular lesions foi which ade 
qiiate or satisfactory causal explanations are at hand need not engage 
attention Thromboangims obliterans however belongs to those whose 
etiology, morphologic sigmficatice and nature of interpretation still offer 
incertitude to the student Thus Uiromboangutis obliterans presents a 
fertile theme tor audacious theorizing and futile sophism 

In tins discussion the writer is not concerned with the question of 
vascular lesions due to such processes as Athero and arteriosclerosis 
thromboses of static hydrodynamic and cardiac origin artentis with 
embolism thrombosis as a sequence of trauma and pressure (by 
crutches cervical nb tumor or aneurysm) artentis directly induced by 
contiguous infection or definitely attributable to a coexisting infectious 
malady traumatic spasm with or without tlirombosis tuberculosis and 
syphilis and thrombosis complicating wounds and foreign bodies 

Tor an understanding of inflammatory vascular disease of the type 
thromboangiitis obliterans (Buerger) the mode of origin must be viewed 
in the light of the following fundamental concepts 

1 The retiailo endotlielial system (RES) and the endothelial 
components of the vessels as a part of this svstem m their role as ixlliilar 
carriers of immunity 

2 The hypothesis of activation of the eiuloihehum 

3 The theory ascribing peculiarities of the vasailar lesions to an 
altered state of reactivity of the microorganism In a view supjiorting the 
presumption that the tissue changes are allergic or hyperergic products 

4 The doctrine of direa causal relationship That postulating a 
specification of the disease agent m the production of cliaractenstic 
histologic structures of the malady 
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Since the uliiimtt ciitenon m i!it ttiluitjoii of iin rcseirch m its 
pnctical npjilic-ition tins qnen intunlh h jiistihcc! Wlniha do ilicsr 
sticnufic problems lend' 

The utilinrnn ^sjxrct, as ii applies to the tltcnie Ins two pinst's 
I-trst, the ncces-sii) for correct rccogimiun and grouping of non 
relitctl \iscular disease atul dngnosiwind these dcsulcrata, the amJior 
Ins triefl to facilitate b) indicating the general princijilcs and prcrctpii 
sites for classificalion and 

Second, the fact tint an understanding <»f the tnodus ofietandt jm 
plicti b\ the four theories mi) bear fruit in proplijliMs as stell as ihcnp> 
The path to be pursued uill be sclf-e\ideni m each case tlcjwnding 
iijxm whether the mechanism be A participaitnn of the endothelium 
as part of the mescnchsme, m tlie defenstse processes an ahcrim acim 
lion of the ciKlothchum s\itii conscs|ucnt tendency to thromlxisis an ar 
qiusition of h>jx:rscnsitisit\ on the part of the sasenhr tissues or, fin ills 
a specific reaction to sjiecific agents 

If the first tsvo sieupomis should find sanuific subsiaiuiation ami 
the inoqiliologic aqKcts of the itiimunc pn>ccss lead to disadsantageoui 
products in sasctilar tcmtorics insohcsl the future ma) promise mctltmb 
such as that usctl m exftentnenta! bhekade hut as a prophslactic or, if 
the lisfiotliesis of acquires! scmittsits triumphs as the cNpIaiiaiion if 
cxisimg arterial Ii-sums methods ilirectcd tosvarils and hastd oi the 
firtnciple of desetntttzaliari should engage fmurc cmlnsnrs and fmalh 
if the conTsjKiitdcnct IkIs^ccu disease producing factor and ilir isj>c ol 
lesion IS paramount tJic search for ihe offtnding nucroorganiini or sinis 
should omtinuc ssithoui ahatcmcnl 

\ieucd in the light of s|xraa!. fiiiictioin) and altereil rcariisits the 
endothelium of the scsscls in particular, ant! their other nitocnchsnnl 
constituents in general, should be accorded cs|>ci.ial significance in an 
appraisal and chisification of diseases of more or less chronic comse 
f s cn though the s icu points of snrtiuis schools of jiathologists and itn 
nuinnlogists arc often discordant, ihert ire certain fundamental con 
ccpis that should be taken into acroiim b) rhnicians esen thougli uni 
scrsal agreement in mans imKiici! qucsiious has not as )ei l>ecn reali/cs! 

I As |iart of the rctifulixiidothcbal si stem* tlie endotlirhiim ol 
|H-nphcraI scssels is Ixhcscs! bs some to share in ils povjsrttics Anneg 

• Ret evil *ctHJ Klrf Jl ««trra *.ttl UaMiolilnIj* R t S 
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these are A function of storage, as CMtlenced b) deposition of injected 
iital stains m spcaal cells of the laer, spleen and bone rnwou, and even 
in the cndoihcha of larger arteries and seins, and also as manifested b) 
an enlianceinent of capacity for reaction or scnsitiration Siegraund has 
been com meed b) results of expenmenis, that after prelimmar) prepara 
lion or sensitization ith indifferent proteins, a subsequent bacterial injcc 
non ivas effective m evoking a heightened response of the endothelium, 
with an elimination of fibrin and the development of local conditions 
resulting in thrombosis Similar vasadar reactions are said to occur in 
scarlet fever, sepsis and many other infections 

2 A Dieindi too, pursuing these avenues of research and observi 
lion, has offered the concept of acquired preparedness, tendency or pro- 
clivity to thrombosis (Thrombobercitschafi) as indicating a heightening 
of endothelial function in vessels and endocardium This acquired prop 
ert) js said to be an altered reactivity Then followed as a logical con 
elusion, the opinion that the reactions of the vasculai endothelium afford 
the basis for tiu-ombotic depositions or, put m anotlier wa>, led to the 
inference that an alteration of the normal relation between the blood and 
tile vascular wall gives rise to the fundamental factors inciting thrombosis 

3 Of late, increasing attention has been accorded to the significance 
of histological investigations and experimental researches on allergic or 
more correctly, liypercigtc inflammation Indeed, certain rheumatic 
lesions, those of periarteritis nodosa and of other affections have been 
relegated to tins category Thus, it has been found (Klmge < hfetz. 
Swift,® ’ Derick) that repeated injections of bncteni and proteins may 
Close certain transfornntions in the state of reactivity of the animal 
oi^anism, that are expressed in a heightened susceptibiltly to small doses 
of the same poisons and in an intensification of organic or structural 
injui’) The conclusion seemed warranted that the process of surmount 
mg certain protein intoxications and bacterial infections brings in its 
wake a heightened susceptibility to the corresponding offending agtncv 

In tonsoinnee with tins viewpoint, genenlired diimge of the mts 
enchyme develops, with heightened proclivity townids inflminntion 
and in consequence, of recurring infectious action In the rheumatic 
state this Ins been ascribed by some to the effects of streptococci The 
primary and essential organic substrate is described as a focal fibrinoid 
swelling of the connective tissue with chemical metamorphosis of the 
ground subsuance, and then the development of a characteristic granulo- 
mata The Aschoff nodules in the heart and cushionlike iniimal thick 
enings in v essels may be cited as examples 
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Insofar as the hyperergic or a)Ierg;ic hypothesis may apply to \-ascuhr 
disease the author is in accord uiili those autliontics asho do not avish 
to conform to this neav fashion in medicine Tlie assignment of tlic 
histologic picture or thromboangiitis (Buerger) into groups in asluch 
morphologic alterations are attributed to an allergic modus opernudt 
just because a similarity may exist between some of the lesions of one 
disease avitli those of another is based on fallacious inference 'Not only 
ha\e the nonspecific and secondary structural alterations of thromboau 
giitis obliterans been gi\en erroneous significance as hyperergic products 
but there are eminent pathologists too who doubt tbc validity of al 
lergic interpretation in any or all forms of vascular disease 

The authors own studies of peripheral vascular disease have cstab 
lished the conviction that the interpolation of another factor tint of 
heightened reactivity hyperergic or allergic in conditioning the prod 
nets of mesenclryanal reaction be they vascular lesions of thromboangiuis 
obliterans or of periarteritis nodosa or be they Aschoff nodules or sun 
liar lesions about the joints brings the solution as to causal agency in 
these diseases not one iota nearer Indeed siidi authorities as Asdioff^ 
GraffO and Lubarsch reject the allergic hypothesis PahrU’ n goes si 
far as to maintain that the rheumatic nodules arc specific products of 
determining significance for the disease and that m their presence the 
diagnosis rheumatic granulomatosis can be made without lurthcr mior 
mation regarding the case just as diagnosticians are ordinanly vvar 
ranted in recognizing tuberculosis or lymphogranulomatosis upon the 
basis of a histologic preparation 

Exceedingly unfortunate is the present trend which attributes an 
allergic or hyperergic nature to a particular lesion in a widening list of 
diseases for there is thus avaikened a suggestion of finality as if a solu 
non of causality had been attained with the implication that no furtl ei 
search for the disease producing agent is required 

Eialuation of sigtitficattce of xascular lesions tnnsl be mode ufon the 
basis of the follouing queries 

(a) Arc local causes for vascular lesions ihsccrmblc or ascertainable’ 

(b) Do the distribution and wide separation of affected regions indi 
cate a cause of systemic nature’ 

1 Is a given morphological development in arteries or veins the re 
flection of a susceptibility of certain parts of the mesenchymal system 
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or of an organ system to exogenic noxae in microbial or virus form or 
to their toxins or endotoxins or to an exogenous or endogenous toxin 
alone’ 

2 Are the character and the circumstances attending the appearance 
of certain morphological responses indicative of acquired hyperergic 
state of reactiMty of the tissues and avill sucli theory satisfy all questions 
as to origin? 

3 Is there present a primary (in tlie sense of prior) alteram e degen 
eratue or decrescent lesion uncomplicated by or folloued by inflamma 
tor) changes or can mechanical hydrostatic or endogenous chemical 
agencies account for the picture? 

4 Aie the alterations in their typical form and manner of esolution 
so characteristic as to arouse the strong suspicion of specificity in causal 
connection with some organism or Mrus’ 

It would be esidence of an unfortunate and purposeless freaW of 
Nature if it were to become established that the endothelium of larger 
vessels could manifest the same active participaiion in the bodily defence 
mechanism as does the R E S m the spleen and liver and u-ere to 
lespond so intensively to noxae as to succumb together with its slnic 
turally conjoined lascular components by virtue of / err lanent alteration 
and vieie it m this ferfortionce to compromise the integrity of the 
affected icssels and lose Us primary local function 

Strange to say patfiologists and research scholars from equally 
authoritative schools entertain conflicting views One of these vvoild 
have the vascular endothelium altered in infections and capable of 
engendering thrombosis the oilier cat^orically denies the soundness of 
the observations upon wliicli the liypeiaauity of the endothelium is 
j redicated 

■\Vilh Graff Asdioff and others it is perhaps best to regard \schofI 
nodules in cardne wusde oS cases of articular rheunmism as reacison 
products of an infection as a inanifcstauon bearing the same relation to 
the offending organism or virus as that which exists bctx\een the tubercle 
and the bacillus of tuberculosis 

To conceive of certain vascular lesions notably thromboangiitis ob 
htenns (Buerger) as allergic or hyperergic brings no clarity into the 
existing explanations of the origin of disease manifestations But to 
dispute the existence of a state of sensitivity in the vascular system would 
be tantamount to negating the sine qua non of a constitutional and dis 
positional morphological substratum winch must needs preexist in those 
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susceptible to one or another maladj To infer hoi\e\er that the h) per 
ergic state offers i complete and satishictor) solution of the nature of 
the lesions and to reject the likelihood of a disease producing agenc) 
would be presumptue in the extreme 

Howeier enticing it may be to make generalizations applicable to 
the human bodj on the basis of experimentally induced lesions in the 
last resort the reasonable conclusions based on comparati\e clinical and 
pathoiogic chfa shotffd be af/owed lo preraif 

A wide experience with both phases of information leads the author 
to these conclusions 

That tlie relatnely high clinical incidence of venous tlirombosis and 
a consideration of whatever is acceptable from available experimentation 
would justify according to the vascular endothelium in this territory 
some participation in the origin of thrombotic process 
That this cannot as yet be affirmed of the arteries and 
That tlie lesions of arteries ascribible to remote infectious processes 
or to infectious agents have a more decpseated substratum for tlieir 
evolution town Nfostly aUerauve or degenerative primary changes or 
primary local inflammatory changes in one or more coats 

The immunobiohgical funcUon of endotheUum in arteries and veins 
in Its manifestation of alteration of reactivity be it purposeful or abortive 
may lead to states of morphologic mutation quite incompatible with 
physiological and biological destinies 

If an actuation of cndotliclium as the result of the absorption of 
antigens or toxins of general or local infections is postulated thrombosis 
as a by product may disastrously affect the integrity of the arculatory 
atemies If tlie theory is correct then a heightening of function — purpo- 
sne in a general teleological and imraunobiological sense — must bnng 
about devastating results m anatomic structure In the light of the end 
cal attitude of authorities of note (exemplified by the sdiool of \schoff) 
towards the admissibility of such a role for the endothelium of the 
vessels — outside of die capillaries die splenic and liver retiailum and 
other organs — the abortivencss of purpose implied by sudi participation 
of activities of the mesenchyme must weigh heavily against the theory 

^fore general concordance of views may be expected here after con 
tinned inquisitive scrutiny into the association of infections with these 
endothelial responses "With intramural alterative and degenerative le 
sions as a first stage in vascular inflammation with soolled hyperergic 
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structural products or, finally with specific types of architectural reac 
ttom This much is certain, that neither focal infectious, nor general 
infections or infectious diseases, seem to have any causal connection uith 
that type of arterial and venous lesion uhich is pathognomonic of throm 
boangutis {Buerger) 

Houevei satisfactor) the clarification of basic hivs governing nior 
phological tissue responses to and in the immunobiologic mechanism may 
become in the future there is sufficient reason for a scrupulous delimita 
tion of the category T A O • (Buerger) Nor should the pathologist 
be led into error b) the effects of such influences on tlie tissue substratum 
of the vascular system as are wholly disparate Such other lesions appear 
clinically and anatomically either as the very first involvement of arteries 
and veins in a given case or as complicating extrinsic processes 

Observational science both clinical and experimental has established 
a sufficient basis for the assumption that arterial disease of occlusive 
nature and of even more vvulespread distribution than ordinarily seen 
in T A O may be closely associated clinically with states indicating the 
possibility of absorption of noxae of infections processes or the action 
of organisms of unknown deiivation In such the pathological picture 
differs as does also the usual clinical course from that of T A O 

A variety of lesions is elaborated m the vessels during the ratliei long 
clinical course of thromboangiitis obliterans There is but one specific 
type of lesion uhose existence, speaking absolutely, is an essential pie 
lequisite for the application of the proposed special designation in ac 
tinlity and for practical purposes us existence may be predicated also 
inferentially Coincidentally shortly after or slowly over months and 
years there may develop concomitant alterations in other arteries and 
veins either m spatial continuity or remote from the original affected 
sites and capable of evolving a great variety of structural deviations from 
the type lesions in the vessels especially in arteries Some are the results 
of thrombotic occlusion of a secondary or complicating variety not con 
forming m architectural details to the histologic manifestations of the 
malady per se, others are intramural and endomural changes dependent 
upon coexisting unrelated diseases or accidental morbid intercurrenccs 
others also mural often intinnl are the tissue expressions of altered loaal 
circulatory states repeated vasospasm of long duration abnormal hemo 

• T A O « ««1 u bretiil on for ihiomlittaafp ts til tenn< 
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dynamic conditions in limbs already implicated by the primary arterial 
lesion and subject to circulatory metabolic and even vegetative nerve 
derangements indeed even elastoid mutations in certain coats and pic 
tures simulating arteriosclerosis may be created 

Such changes of merely subsidiary import— alterations not to be mis 
judged for the inalienable qualities inherent in vascular affection— may 
however in certain cases and by virtue of the large spatial extent of their 
occupation with involvement of territories greater than these of the 
initial disease offer material to ihe pathologist that is misleading and 
cause perplexity m the interpretation of the nature of the original morbid 
process 

The elaboration m 'irienes and veins of anatomical end pictures ot 
great similarity but of different origin the coincidence of intriluminir 
thrombosis and organization thereof with intrapanetal lesions modified 
by the clot formation the occurrence of characteristic mural mflamma 
tory infiltrations and concomitant pathognomonic focal lesions in the clot 
of T A O the inaccessibility of initial intramascular changes in most 
cases all this must needs give room for considerable divergent inierpre 
tation 

It is understandable therefore that a great part of the pathological 
material made available thus far has been misconstrued and erroneously 
cloaked with causal significance and that inferences have been based on 
lesions of purely accidental or adventitious nature founded on a mere 
coinadence of time or on changes secondarily conditioned by factors not 
intrinsic in the morbid process per se 

Conceptual standards prereqmstte for the use of the term thromhoan 
giitts obliterans (Buerger) must be firmly established in order to attain 
clarity and understanding of the complexities of this as well as of other 
vascular diseases 

A descriptive appellation such as that proposed by the writer one 
naming three particular attributes with tlie implication that their pies 
ence is the essence of the morbid process but without necessary exclusion 
of other qualities and one emphasizing the existence of inflammation 
by the designation angiitis and occlusive thrombosis by the terms 
thrombo and obliterans —such appellative must obviously by virtue 
of Its inherent conciseness give room for inclusion by others of some mor 
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bid processes possessed of these but other unnamed essential charac 
tenstics 

B) a generous tribute of the medical profession the requisite narrow 
mg and restriction of the connotations of the aho\e mentioned term haie 
been partially accomplislied in the addition of the qualifying agnominal 
surname of the original proponent of this designation (Buerger) 

Inadequate for the inference that a given case beloni^s to the group 
thromboangiitis obliterans (Buerger) as a pathological entity are cir 
cumstances and concatenated chnicopathological findings such as follou 
1 Clinical featuies alone avithout phenomena indicating precKistence 
or concomitance of phlebitis of superficial \eins or without histological 
confirmation by \em biopsy 

2 Absence of corroborating data of histologic sttucluial nature e g 
^Vhen m specimens denied fiom autopsy or ablation of pans of or 
of a whole member eiidence of existing oi preexisting diffuse inflamma 
tion of all coats of arteries or \ems with periarterial adhesions oi fibrosis 
IS iinaiailable or 

^Vhen no acute infiammatoiy lesions of superficial \eins or iniermedi 
ate stages m the organization of preiious thrombosis with residual signs 
of typical miliary giant cell foci can be detected or 

^\hen there is no evidence of previous innammation the vessels ex 
hilming only oigamzing or organized and canalized thrombotic occluding 
tissue unless however the obturating masses and concomitant muni 
alteiations are of such type as to be congruent with the end (healed) 
stages of thromboangiitis obliterans and occm in individuals wliose his 
tory furnishes the missing requisite criteria such as indications of the 
ocairrence of previous migrating phlebitis or 

■\\hen the lesions are naught otliei than those attributable to aihero 
ind arteriosclerosis even if the decrescent changes are accompanied by 
occlusive thrombi simulating those of bland stagnation or accietioti 
thrombosis seen in thromboangiitis obliterans or 

When endartenal hypertrophy with oi without so-calkd fibiinoul 
degeneration or other type of intramural vasculai alterative process is 
the clucf precursor or is demonstrably associated with the organizing 
clots or 

W hen intense submttmal and intimal coarctating hypeniopliics with 
or without conspicuous elastic tissue formation appear to he the lesion 
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aniecliting thrombosis nnd %\hen sudi t picture is intlepcndent of or 
related m time sense with cxtraordimrj exposure to h)potheriml or 
ordinanl) intolerable enMronmentnl and meteorological influences or 

When the discoserable manifcstitions of acute venous or arterial in 
flamniaiion with occlusive thrombosis arc directl) associated b) co 
incidence of time relation with an aaite mfcctioiis disease or if localized 
in and restricted to regions preitousl) engaged in or still iiuohetl bi 
a local acute mnammator'j process of infectious tjpe or 

\Vhen in the presence of degenerative focal or even diffuse inflainma 
tor) vascular lesions or such in stages of resorption and regression but 
attended with thrombosis of rather limited extent n direct spatial relation 
can be established betueen the site of at hast a part of the pathological 
allerattons and certain external condttioiis and circumstances, such as 
continuous (b) tumor or cervical nb) or oft repeated meclnnical injnr) 
or abnormal pressure (crutches) against the affected vessel (traumatic 
arteritis) or 

^\hen in the larger vessels of the cxirenmies the prerequisites laid 
down arc not forthcoming and when smaller arteries over wide distnhu 
non cxhifm lesions most nearl) resembling ilinsc of periarlerttis no 
dosa or 

^\hen at vshatever sue available for examination none oilier tliau 
bland thrombosis in var)ing stages of evolution and iransfonnaiion can 
be found (angiothrombosis of unkuonu cause) and also wherever 
adequate explanation for the lesions is to be found in tbc deranged fiinc 
lion of tJie cardiac pump circulator) failure embolism initiating throin 
bosis be these sequelae or complications of an ojicraiion or occurring in 
course of infection or s)slcniic disease In all these the diagnosis of ihrom 
bonngiitis obliterans (Buerger) as a pathological entity is not uarranled 

CLINICAL AMPLIFICATION 

Reported historical narrative descriptive investigative and pro- 
cedural factual data have accuimilaitd to such an extent in the liieianuc 
that It vsould be supcrcrogator) to reiterate and duplicate findings of 
others Here arc cited and interpolated case records which ina) fill 
lacunae and insufTtciencies of experience Thej vsifl apj>ositcIv cnipln 
size the denotative and iinphcatnc im|>ort of their introdiicior) captions 
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UNIVERSALITY OF LESIONS OF T A O 
Ftom the chnicil \xet\ point it is erroneous to restrict the pithologicil 
designation to those clinical syndromes in t\hich little doubt as to the 
diagnosis T A O arises to those with the characteristic migrating 
phlebitis and to those m avhich microscopic identiTication either of super 
ficial \ eins or deep arteries and a eins has given confirmation The ubiqui 
tary localization is here illustrated 

Cerebral Arteries Affected Compucatinc T A O Associated 
iTH Peripher/\l Vascular Involv'ement Lesions of cerebral aessels 
although not always characteristic of T A O occur in persons free from 
syphilis hypertension diabetes or other recognizable causes of cerebro- 
vasailar lesions In 11 patients with T A O of the extremities manifest 
mg evidences of VTisailar lesions of the brain out of 500 subjects affected 
with Buergers disease the symptoms presented have been Hemiplegia 
before the onset of peripheral vascular involvement or transiently con 
comuantly with or after the advent of peripheral symptoms confusion 
disorientation aphasia loss of memory of temporary duration The cere 
bn! affection may outweigh m importance die usual vascular lesions of 
the limbs ic 

The literature affords reports of 25 cases In 31 of tliose observed at 
Mayo Clinic (two per cent of a group of 500) the ages were from 29 to 52 
In most the cerebral complications followed the onset of the peripheral 
disease but cerebral lesions preceded peripheral symptoms in three in 
Stances Hemiplegn was present 2 1 and 14 years before the onset of ilie 
peripheral vasailar disease Hence we must suspect T \ O in cases of 
cerebral vascular disease of obscure cvusation 

Involvement or Pulmonary Arteries In the literature are six 
cases suggesting T \ O of the lung arteries without affection of the pc 
ripheral arteries A case observed at the Mayo Clinic is reported showing 
at necropsy Thrombosis of pulmonary arteries infarction of lung and 
thrombosis of right iliac artery Microscope examination of pulmonary 
irtcrtes is believed to warrant the diagnosis of T \ O 

Involvtment or Abdominai Arteries There arc rases recorded in 
the literature three of the 500 studied at the Mayo Clinic 

Involvement of Spermatic Arteries Two arc found m the Iitcra 
Hire ”8 The lesions resembled tiibcrailosis of the ejiididymis Buerger^® 
refers to one case in his booV on arculatory disorders 

Involvement of Retinal Arteriw Associated 'Wrni T A O of 
Legs Vascular altentions in bnun and fundi are reported Sudden ini 
pvinnent of vision js mentioned * is 
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Questionable Nature of I^ions Iwolntsc Extraperipiieral 
Arteries In the few autops} records asaiHble, the microscopic e\am 
imiion of \isceral arteries disclosed tlic presence of pure degencratne 
lesions uliereas the peripheral vessels exhibited the topical inflammator) 
picture of T A O Thrombosis ts common 

An exception is the instance of the T A O of pulmomrv artery 
tvhich resealed inflammatory changes 

Most reports of changes in sisceral arteries describe atherosclerosis 
T A O OF CoRONARs Arteries of Heart A man, aged 35, sue 
cumbing to acute respiratory infeaton ssho had had T A O of both 
losser members svttliout cardiac disease, disclosed at autopsy a combined 
picture of aaite T A O and arteriosclerosis of the coronary arteiy, and 
also organized tlirombi In the opinion of ilie author!^ the coronary 
sclerosis ssas fasored or resulted from an inflammatory lesion 

Typical acute alterations' of T A O hase been found in the 
descending brancli of the left coronary artery svith typical miliarv 
abscesses in a patient t\ho sucaimbed to oironary Uirombosis, T A O 
of the periplieral vessels being present 

At the Mayo Clinic, complicating coronary arterial disease vias found 
to be the most frequent cause of the lethal outcome in patients afflicted 
with T A O 

Digital and Pvlmar Arteries W D S, male, aged SC cxeaitne 
consulted the author on October \4. 1932 recounting that while in Call 
forma m February a ‘ sore spot appearctl on the ihmnb of the left hand 
near ilie distal interphalangeal joint then coldness of the fingers foUowvd 
by discomfort when entering and remaining in a cold room Thereupon 
the index finger was similarly affected Avers that the onset took place 
during a golf game and the soreness lasted six weeks 

In September, 1932, about three weeks ago anotficr sore spot was felt 
over the palmar surface of the index finger, then coldness cspeaally in 
lowered atmospheric environments and tendenq to prcspire was brought 
to his attention 

Examtnalwii Tliumb and index fingers of left hand exhibit execs 
sivc perspiration the cutaneous cirailation is sluggish there is some pallor 
of both fingers as compared wiiJi third, fourth, and fifth fingers Both 
radial and ulnar arteries pulsate Both donahs pcilis pulses arc absent 
October 15 1932 The lateral digital arteries of the left thumb can 
be felt as bard cords ihroughuiit ihcir course from the mcticarpoplnlan 
gcal joint to the distal intcrplialangcal. they do not pulsate ^Vhilu the 
ulnar (mesial) digital artery of the index finger pulsates the radial or 
outer digital pulse is absent Distinct Iicats arc perceptible in all other 
digital artencs Control palpation of corresponding tligiial vessels of 
other hand rev cab adequate beats 
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Recording oscillometr) disclosed absence of nndulattons or fluctun 
tions svhen transmissions s\ere taken from the affected fingers iher 
mometric readings with potentiometer recorded a lowering of tempera 
lure of about 4® C (7® F ) o\er left indev finger as compared to the right 
a similar slightlj less dimmution of temperature oser left thumb and 
distal portion of the palm of left hand in situations corresponding to the 
root of the ischemic digits 

Subsequent Course Rapid improvement over the jears 1932 1933 
and 1934 although extension of the occlusive process m the arteries of 
feet and legs did occur up to 193a when an arrest of progress did take 
place 

Diagnosis T A O of the arteries of the lower e\ircmjnes digital 
arteries and palmar arch of the left hand Compare with this citation 
T \ O Coronary Thrombosis Repltx Bone DiSTRornv The 
latter condition also knoim as posttraumatic osteoporosis clironic trau 
matic edema traumatic vasospasm Sudecks acute atrophy of bone patcliy 
lacunar osteoporosis hard nonpitting edema in bone osteoporosis vuth 
irregular spoit) atroph) of bone in roentgengrams Associated arc pain 
ustiall) paroxysmal extreme sensitiveness to changes m temperature (to 
heal in some) or to pressure At first the temperature ma) be higher 
than on the normal side later it is often lowered Profuse sweating 
trophic dianges are common The skin maj be glossy and bluish Occa 
sionall) the joints arc painful the capsules slirinking and movements 
become painful 

This state follows even mild traumata low grade infections slight 
mjur) to nerves bums or frostbites At times disability is long contmued 
even complete Pam may be so severe that amputation is requiretl 

E\planatton Exaggeration of nutritional reflex whicli does not sub 
side after having been motivated by onginal injury or infection hecom 
mg a self perpetuating mechanism m which catabolic (destructive) ac 
iiviiies are predominating (deTakats) This reflex is actuated bj a 
cliromc foais of irritability in the periphery producing continuous stimii 
laiion througlioul the ordimry sensory paths to the cord with relay to 
lateral horn and from here efferent sympathetic impulses to tissues follow 
Bose Atrophv in T V O D R F male aged 37 February 18 
1939 Five years ago sustained a fall from a tree attributing trouble to 
this happening has tired feeling in left leg for over three years 

November 193G an attack of coronary thrombosis second episode 
February 23 1938 

Late m November 1937 tried on some ruling boots that were mudi 
too tight causing severe pam in left foot and when they became unbear 
able after some two liours the boot on the left foot and leg could be 
removed only wiili extreme difficulty Bared the foot v as found sv ollcn 
2 — <0 
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I licrcafier suelling rcniamed for sonic three da%s and pain discoloration 
and stnsiiivii> to heat have persisted tver since 

Circulalory Status Findings atypical of T \ O of boili legs left 
foot colder than right neither dorsalis pedis nor posterior tibiil pidsiics, 
popliteals small almost imperceptible oscillations diminished just IjcIou 
the knee 

U assermann \egatne Electrocardiogram topical of coronar) ancr) 
disease 

Roentgenogram March 15 1939 Characteristic lesions of Sudcck s 
atroph) of bones of left foot 

Chief Symptoms of Left Loner Member Pam cspectallj nocturnal 
inabiiit) to tolerate heat vasomotor lability cyanosis and pallor c'ctrciiu 
tenderness of all of the bones of the left foot moderate swelling of the 
left foot and distal part of leg 

Diagnosis T \ O of both lower cMremitics coronary thrombosis 
symptoms in the left leg due m the mam to macular patcliy rcne\ bone 
atrophy attributable to trauma described 

T \ O or Gastric Artxrv Unmistakable lesions of 1 AO were 
recognized by the author (Buerger) microscopically in one of the branches 
of the gastric artery far removed from the site of an ulcer btcausc of which 
cKtensive resection (sleeve type) Iiad been performed 

Thrombosis of Arteries Instances of thrombotic (bland compres 
sion irritative iraumitic) occlusion of vessels of the upper extremity arc 
occasionally reported as due to an anomalous first nb they have given 
rise to erroneous interpretations sucli as of 7 AO 

Acotx Vascular Spasm Traumatic spasm with manifestations not 
unlike those occasionally revealed bv sudden tlirombosis of larger veins 
may simulate the effect of arterial embolism or even the picture of T \ O 
\cute arterial spasm concurrent vsith comcmjionncous and evoked 
by venous thrnm^sis mav lie responsible for gangrene 

pNEUvtATic HAMvirn Diseasi Characteristic arc blandimg and 
numbness of fingers when exposed to los temjicraiiircs The use of 
vibrating tools by sioneaiiiers cobblers shocnnkeis and others catiw 
these as vsell as Ravnaud phenomena also cvanosis and nutritional 
changes of the fingen If complicated by thrombosis of digital arteries 
diagnostic differentiation from T A O may become a problem''^ 
\rteriovixols Aneurism of ExTRrMmrA Confusion with discon 
ccrtion because of failure to idcnlifv this typical svndromc vsill be avoitlctl 
by recalling the usual picture \ Iiisiorv of injury bv a projectile knife 
thrust flying steel or glass resulting in profuse Inn controllable bUccUn^ 
then the origination of a thnlf and Intiit continuous througlifiu tic 
cardiac qcle large fistulac ultimately leading to dyspne-a tachvcanlia 
jiounding of the heart even decompensation from cardiac dilatation 



THROMBOWGIITIS OBLITCR/XNS 1599 

Local manifestations suck as edema elelihantiasis difference tn st e 
of the sister Umb a pulsating mass yielding thrill and bruit, dilated or 
pulsating veins varicosities ec etna ulceration, sometimes gangrene 
These offer an aggregate of disttnclne trails 

Raynaud Pjienomena With Occlusiov or Djcital Arttries Here 
a nice sense of discrimination need be imokcd to make \ahd distinctions 
capable of setting this condition apart from T \ O pneumatic hammer 
disease arteritis resulting from local or generalized infectious morbidii) 
and to\emias cenical rib scalenus anttcus syndromes and bland trau 
matic dirombosis of the digital arienes These considerations flou from 
the recent pathological findings of T Lewis town 

Obstnictise disease of the digital arteries manifested in two cases of 
mtermiitent spasm in whicli the finger tips presented the scars of small 
healed necroses the arterial wall presenting iniimal hsperplasn the 
lumens conspicuously reduced or actually occluded by ness cellular tissue 
or by recent or organized thrombus striking lesions resealed in scarred 
and unscarred fingers where intermittent spasm m fingers was associated 
svith necroses thrombotic obstruction of the digital arteries was the rule 
the thrombi being in aainous stages of organization In subjects afTlictcd 
wtili bilateral discoloration and necrosis of fingers and predominant lesion 
was thrombosis the thrombi disclosing lanous stages of organization 
In diffuse scleroderma where attacks of discoloration of the fingers occur 
an occlusive disease of the digital arteries was discovered 

T A O Sc;p£RfOR Labcal Corovari' Arteries (a Jabiahs superior) 
Aaitc onset development and abatement in a female while under obser 
vation and treatment for extensive T A O of vessels of both lower limbs 
and inconsiderable affection of the iipi>cr cMremities 

V V housewife aged 34 consulted the author on January 27 1939 
because of manifestations of tvpical T \ O of botli lower mcmbcis last 
ing five years with bluish discoloration of left foot cyanosis and coldness 
in both feet extreme rendemess of right foot tjhI for an ulcer one 
quarter mdi m diameter at the tip of right big toe anoihci adjacent to 
ihc naii of the fotirlh and 7 third oicr the tip of the hide toe T> irsahs 
pedis and posterior iibial pulses were bilaterally effaced right popliteal 
jmlseless the right femoral beat small 

Subsequent Course Hospitalization then office and home ministra 
lions followed bv satisfaciorv improvement and healing of ulcers 

Acute Imohemenl of Labial Arteries About July 1 1939 annoved 
by pain and slight svsclling oi the upper lip 

July 8 1939 there was palpable throughout the mucous surface of 
upper lip a cordlikc hard lufiUration that aro e at i point one quarter 
inch mesial to the right lateral comer of the mouth about one third indi 
above the nmcoaitaneous matgin and cmirsiiig nicsiallv drsappcaritig near 
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the philtnim This cord l)ing in the course of the coronar), superior 
labial alter) (or comitatne large \ein) definitely indicated and reflected 
an inflammator) and thrombotic process in a tessel The mucous mem 
brane and cutaneous surfaces of die lip tsere normal 

Comcidentall) pain deteloped m the nght hand over its dorsum and 
also m the left palm 

Treatinent Injections of neoprontosil also stilfapjndme 

Jul) 13 1939 the vascular thrombosis had extended laterally In the 
left half of the upper hp a small fine cord is discernible on palpation, 
originating at a point near the nasal septum passing laterally and dowm 
ward to within three-eighths incli or less of the margin of the lip then 
turning laterally 

Julv 23 1939 the mesial portions of the cordlihe structures arc 
diminishing in size the lateral having progressed spatnllj are tender with 
moderate swelling of the lip 

July 27 1939 induration of right coronary artery almost impercep- 
tible a very attenuated cord remaining but a nodule still present on the 
left side 

August 5 1939 hp is almost normal Sulfapyndine seems to have 
hastened recovery 

T A O Thrombosis of the Carotid Artery A mamed man 41 
years old a bookkeeper, consulted Dr Clarence E Rees on May 6, 1935 
complaining of a purplish discoloration of the left leg and cramps on 
exerase In 1932 he had cramphke pains in the left leg and an ulcer of 
the great toe two montlis later he had a stroke’ with involvemein of 
the left irm and face the paralysis abating in about tliree months but 
the ulcer persisting for one year Cramps in the leg were made worse by 
moderate exercise 

In May, 1935 the left lovver extremity was cold and cyanotic when 
dependent and cadaveric on elevation The posterior tibial and dorsalis 
pedis pulses were absent (both were present in the right ankle) , the radial 
pulses were present there was a scar of a healed ulcer on the great toe 

On June 10 1935 a left lumber sympathectomy with removal of the 
second tliird and fourth ganglia was done Ulceration developed over 
the internal malleolus while the patient was in the hospital The patient 
improved and returned to work 

On December 3 1936 after lifting a heavy object he experienced 
sudden pain m the left leg and lower posterior thigh accompanied by 
swelling shortly thereafter gangrene of llie foot The patient was sent to 
the hospital On December 18 the leg was prepared for amputation for 
the following morning Two hours later the patient went into shock he 
was confused his skin became cold and clammy the pulse dropped to 56 
swallowing was diffiailt and he was not able to lalk The follounig da). 
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absence of the left carotid ptiJse u-as noted tliere tAvitcIiing of the 
nght leg and ■jvcaXncss of the nght face The leg i»a5 amputated on 
December 30 193G All symptoms cleared except the aphasia uhich per 
sisted for several months and then gradually disappeared 

To this day February 2 I9J0 there has been no return of pulse to 
the left carotid which can now be palpated as a fibrous cord 

Microscopic stud) of the carotid Ins not been made but sections 
of vessels from the amputated leg showed the typical lesions of throm 
boangiitis obliterans 

EQUIVOCALNESS OF OBSERVATIONAL INFORMATION 
Clinical Capnciousness Supporting the view that diagnosis may 
be perplexing are the vagaries multihrious nature and uncertainties of 
symptomatology vvluch deserve attention and elucidation being corre 
lated and dependent upon some of the follovung circumstances altera 
tions and conditioning moments 

1 The chroTUcity of the vascular nialady 

2 The ubiquity of localitaiion 

3 Tlie subordinacy of external and intrinsic mutations mamfesia 
tions and physiological disorganization to the nature (inHammatory 
occlusive) and locality of tlie diseased processes 

4 The immediate and late or temporally remote ejects of blockage 
of arteries or, and veins 

5 The extension of the mflammatory lesions to the peripheral 
(accompanying) nerves 

6 The direct and reflex r«u/ts of impaired and altered synipathetic 
nerves and of their function 

7 The reflexes engendered tn the periphery by virtue of vasailar 
occlusion mural changes inclusion and imiation of ganglion cells and 
nerve fibers vMth concomitant late outbursts or outbreaks of abnormal 
vasoconstriction 

8 Tlie gross as vvcif as the indeterminable and latent results of 
impaind nutrition 

9 The disintegration deteiioration transformation and disorgani^ 
lion of Arterial circulatory mechanism (centrifugal blood flow) the 
venous rciurii the vasomotor rhvihm and responses 

10 TIk altered rcstslance of fuiwes the discquilibration of the cell 
cmiTonment making cell adaptation inadequate Uie cellular incapacity 
to adjust Itself to a ileiialed disturbed and abnormal internal medium 
as well as to external and melemologtcal influences 

11 Potential oxygen deficiency cxaggeratcil increased and aggravated 
in ectodermal tissues that arc poorly supplied with capillaries 
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12 Potential inadequacies made manifest in organs ^\here there are 
terminal blood %essels t\ith no or poor anastomatic connections brain 
(cerebral \asailar T A O) heart (T A O of coronarj arteries) \aso 
t'asonim (blocked by acute lesions of T A O ) , eye (T A O of retina] 
tessels) kidnc) (rarely) skin papillae fT A O common m extremities) 

13 Associated vasospasm With blockage of cerebral arteries of 
peripheral arteries isith thrombophlebitis especiall) of larger seins etc 

14 Accentuation of cbmcal phenomena due to inherent functional 
sasolabilit) susceptibilit) to thermal and physical chemical and meteoro- 
logical conditioning 

15 Circulatory disturbances m provinces far remoted from the limbs 
(so-called extrapenpheral) yielding a multipliaty of saried indicitions 
of their \ascular origin the >essels themselves escaping the application of 
special imesiigame procedures 

16 A variable, diverse sequence of occurrences, parti) in the direction 
of physical structural decadence degradation and deterioration in any 
of the domains t^hose blood supply has been impaired concomitant s\ith 
and followed by Severe sanguineous depletion ominous anoxemia dis- 
solution (so-called dysintegration ) derangement disorganization of 
the autonomic functions or autonomic inadequacy a picturesquely dnersi 
Bed gamut of tissue necroses with consequential infections thrombophlc 
bitides lymphatic lesions stnictiiral alterations of (sympatlielic) luto- 
nomic nerves and even acute episodes of thrombosis in the more centrally 
situated still patent arteries transforming the regional outcome from one 
compatible with conservation of the affected limb or part to another per 
haps inconsistent with continued viabthty 

CLASSIFICATORY OBJECTIVES 
^\hih denotative appellative terms— corresponding accurately with 
incontrovertible observational data— well established and now almost 
universally accepted as apposite and appropriate what traits have com 
pilations of clinical and pathological reports coordination of avanlable 
investigations and critical reviews disclosed? 

We have selected particular distinguishing features characteristic of 
the morphological deviations and divergences from normal vaisailar arthi 
lecture of evanescent existence subject to mutation with the progress of 
time as of pathognomonic and determinative import endowed with the 
capacity of giving the most significant clues to the nature of the category 
that we have postulated 

These are the difficulties confronung the obseiver frequently per 
plexed by multifariotis clinical arcumstances aspects and sequences con 
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fused and irresolute in his differentiation of maladies by reason of o\er 
hpping miniiCT) resemblances and seeming identities of objectiie 
phenomena 

1 The lack of clinical criteria or standards for recognition of objec 
tne phenomena in most phases of the course of T A O 

2 The paucit) of antecedent conditions or prerequisues for discern 
ment of distinctions between several of the penpheral ^ascular affections 

3 The restricted time period of obsenation gisen to the indiudual 
phjsicnn often inadequate for the adsent of salient diacritical or defin 
itite \ital indications 

DISTINGUISHING TYPIFYING PECULIARITIES 

1 Incidence preponderatingl> in >oung (ao to 40 >ears) males 

2 Usually of slow insidious onset m blood vessels of lov^er limbs 
next in frequency is the involvement of arterial distribution m the upper 
tnenibers 

3 Characteristic histological alterations and microscopic configura 
tions of sections of arteries or veins m the acute inflammitoi) phase 
especiall) and easil) identiRable in exsected portions of veins in state 
of so called migrating phlebitis 

5 Unique pen and iniervascular inflammation with subsequent 
fibrosis encircling vessels as well as nerves 

6 Frequency of the development of coronary thrombosis manifesta 
tions stigmatizing the vascular disease as capable of universal distribution 
with a lendenc) not only to progress in the peripheral blood vessels ar 
teues and veins but localizable in any domain or territory to wit In 
renal spermatic splenic gastric pulmonary cerebral cardiac carotid 
retinal suprarenal and even aorta 

Adumbrant premonitory indicaltve appearances occurrences un 
loresccn unexj ecled happenings incite diagnostic prescience but do not 
permit or uarrant irrefutable and ttnassailable diagnostic inferences 
namely Migrating phlebitis vasomotor disturbances in the extremities 
intermittent claudication before peripheral pulses are absent fissures or 
ulcers of fingers or toes without local indicia of causal agencies liemi 
anopia disorientation psyduc aberrations transitory or permanent hemi 
plegia thrombosis of a vein or artery of spermatic cord pulmonary svaiqv 
toms with or without dilatation or hypertrophy of heart of unexplained 
origin coronary thrombosis ocular distinbanccs withom astertaunlilc 
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etiologj, and other S)mptoms m icmtones uhose arteries ma) ha\e 
become occluded uith the lesions of T A O 
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CHAPTER LIII 


ERVTHERMALGIA (CRYTHROMELALGIA) 
OF THE EXTREMITIES 

(A Syndrome Characterized b\ Redness Hf vt and Pain) 
5) Edgar V Allen M D 


Definition The term er^thromelalgn ishich is derived from the 
three Greek words cr)t/iros (red) tnelos (extremities) ind flfgoj (pun), 
indicates red painful extremities (S W Mitcliell 1878) This term 
however is not entirely adequate because u does not denote the impor 
tance of heat If onl> redness and pain were necessar> for the diagnosis 
of erytliromelalgja sudi a diagnosis could be marie in many cases of 
thromboangiitis obliterans or aiteriosclerosis obliterans for in these con 
ditions the feet are commonly red and painful 

A more descnpiive term namely erythermalgia seems appropriate 
for the syndrome commonly called crythromehlgia It is derived from 
the three Greek words erythrolcs (redness) Ihemtc (heat) and ntgos* 
(pain) and therefore comprehends the three important components of 
the syndrome ^ Since this new term cannot be applied to v\hat has already 
been denoted as erythromehlgia I have enclosed the word crythro 
melalgia m quotation maiks and have used the term erythermalgia 
whenever such usage seemed appropriate 

The literature relative to erytliromelalgia is very confusing Many 
cases have been reported as examples of erythromehlgia ivhich hear 
only the slightest resemblance to the condition Part of the confusion 
results from the fact that in earlier times reliable methods of determining 
the tempeiature of the skin were not available and part from the lack 
of a precise definition which as Lewis has pointed out v\ns evident even 

• I have t sed ihe tem eryU rotes to dw gnate ihc d MnJorat on ot er>cd in tb s s>ndrome 
It varies widely in inicnsii) in d flercnt cases In appearance it vnries from a dinky or cyvnotic 
redness lo a 1 gl i redness Usually it is il e least rcmaikat Ic of the three ecu smucnis of il c 
8>i drome T1 e term II trm is u nl to jndicalc heal or csccssnc i armih Althoi gh die d et 
aunbuic of th $ term 1 es in its in 1 catioi of object \e v-armth or heat it may also express 
s«l jeetne « arm til or 1 cat The term afgot mdicites pa n of a nonspeafe nature « hich It lets 
tolerable than mere d scomfort 

(ICOo) 



1606 


CARDIOVASCULXR DISE.\SE 


m Mitchell’s original presemation. The literature on the subject i\as 
reviewed b) Cassirer in 1912, anti b) Ma) and Hillcmand in igaj. 
Since the latter date little of importance has been published except the 
reports of Brown, Lewis, and Mnfson. 

The condition is characterized b) burning distress, involving an) of 
the extremities, which is inseparably linked with, and entirely depcndcni 
on, elevation of the temperature of die skin of the affected parts 'When 
the temperature of the skin is elevated to or above a certain critical level 
b) any means, distress occurs, and vvhen the temperature of the skin is 
reduced, by any means, to a point below the critical level, the distress 
disappears. This condition affects otherwise healthy persons who do not 
have any detectable organic disease of the nervous or vascular systems, 
and It may therefore be considered a primary disturbance. 

Occasionally the syndrome may be associated with hypertension or 
polycythemia, and it may occur in organic neurologic or vasculai disease, 
but under these circumstances it seems to be a secondary' manifestation 
of the organic disease. Whether primary or secondary, however, the 
syndrome is essentially the same An analogous situation holds in 
Raynaud’s syndrome, for vasomotor symptoms similar to those observed 
in Raynaud’s disease may occur in thromboangiitis obliterans, arterial 
thrombosis due to cervical rib, and in a variety of other conditions which 
do not warrant the desi^ation “Raynaud’s disease’’ because the vaso- 
motor syndrome is obviously secondary* to organic disease. I am not 
concerned here with Lewis' observation that the syndrome may involve 
areas other than the extremities. 

PATHOLOGIC PHYSIOLOGY* 

Increased Temperature of the Skin: An increase in tlie temperature 
of the affected extremity :n erythermalgia is invariably accompanied by 
distress. It makes no difference whether the increase occurs spontaneously 
or is induced by local application of heat, as by immersing the extremity 
in warm vvater, increasing tlie temperature of the environmental air, or 
warming the skin by direct contact with a warmed metal bar. 

Of all the various disturbances occurring in erythermalgia ilic 
increased temperature of the skin is die most important, and it is entirely 
constant. The temperature at which distress can be produced varies vvltli 

• For ihe purpose of clarity I have simplified this phase of the prcseniaiioii ami tnten 
tionallv avoidnf cleiait 
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different indiMduals and in diffeient parts of die extremit) of the same 
individinl It usu'di) lies \uihm the range from 32° to 36° C (898“ 
10968® F) Leu IS designation the critical point, is an excellent one 
it indicates the temperatuie at which distress occurs With temperatuies 
higher than this critical point die distress persists and with tempeiatures 
below this critical point the distress disappears Lewis has justifiably 
objected to the intimation that increased tenipeiatiiie occurs in episodes 
indicatne of vasomotor storms, for the increased temperatuie and 
hence the distress may be reasonably constant 

Vasodilation Vasodilation is the commonest cause of the increased 
temperatuie of the skin in eryiherinalgia It seems to be the direct cause 
of die attacks of burning distress uhicli occur spontaneously Vasodila 
tion, iiouever, is only an indirect and not an integral part of the mech 
anism causing the distress Tins is shoim by the obseraation diat distress 
can be induced by warming the skin of an extremity affected with 
crythermalgia, or it can be maintained in such an extremity when the 
flow of blood has been brought to a standstill by inflation of 1 cuff about 
the extremity to a pressure greater than the systolic blood pressure, 
pioMded the asarmdi of die skin is as great as or exceeds the critical 
point Evidence of sasodilation other than inaeased temperature of the 
skin IS increased amplitude of arterial pulsation, the throbbing sensations 
that are frequently mentioned by patients increased elimination of heat 
(as shown by calorimetric studies), and increased content of oxygen in 
the venous blood coming from the extremity 

Hydrostatic Pressure If the temperature of the skin is just slightly 
below the criucal point distress may be induced when the intravenous 
pressure is increased by placing a sphygmomanometer cuff about a pi ox 
imal joint of the extremity and inflating it to a pressure about the same 
as the diastolic blood pressure In addition, distress may be lessened if 
an extremity is elevated and accentuated if an extremity is dependent 
even if the temperature of the skm remains unchanged The burning 
distress may be relieved by direct pressure on the skin I cannot agree 
with Mufson tint the fundamental cause of the distress in crythermalgia 
is relative hypertension within the minute vessels of the skin for, if the 
temperature is suitably increased distress may be induced m an extremity 
m which blood flow has been slopped * 

• meam of iiiflition of a sphi-gmomanoroeiw cuff about a proximal joint 
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Susceptible State of the Skin: It is apparent on e\cn superficial con 
sicleration that temperatures of the skin tvlnch almost routinelj* pro\oke 
distress m patients nith er)thcrmaJgia fiase no si:ch effect on those with- 
out erjthermalgia. This observation caused Leu is to describe a "sensitive 
state of tlie skin ” It seems unquestionably true that, for reasons not 
clearly understood, the skin in erythermalgia is sensitive in an unusual 
degree to warmth. 

Vasoconstriction: In some insLinccs there seems to be unusual vaso- 
constriction in the extremities between episodes of burning distress. Tins 
IS shown generally by hypertension in some cases and locally by coldness 
and cyanosis or pallor of the skin between the episodes of burning 

NATURE OF THE DISTRESS 

Mitchell’s "pain of a burn." "pain of mustard,” and "pain of intense 
sunburn," are graphic descriptions of tlic severity and character of the 
pain. The patient usually states that the distress affects the ball of his 
foot or the tips of his toes, or the corresponding p.iris of the h.md. How- 
ever, as one induces distress for purposes of study, it is often described 
vaguely by the patient as an aching, pricking, sticking, pins and needles 
sensation whidi may not be localized at all and which m.iy extend up 
past the ankle or, as it becomes more severe, may reach the knee or even 
the hip. This type of pain is not burning until the critical level of tem 
perature is exceeded. Moreover, it is fluctuating in type, rising in 
increasing waves, with shorter and shorter intervals between crests, until 
It passes from the sticking, pricking type of pin into a definitely burning 
distress A modified form of this pricking stage may be noliicd as the 
extremity cools below the critical temperature. 

DrAGNOSfS 

A diagnosis of erythermalgia is justified provided there is close corre- 
lation between temperature of the skin and the distress. While there 
may be other manifestations, such as those mentioned in the preceding 
pragraphs, the dependency of distress on the temperature of the skin 
IS characteristic and pathognomonic of erythermalgia. Sensations of burn- 
ing in the extremities such as arc commonly noted by piicnts S'iih 

• A •‘rc'istani pha« hat b«n noieil in patimtt *chh tr)ihtnnal5ia it I115I1 irnipmiu^ 
of ihc ttin and dnirt-vi arc prf«!iirrd tepcaicdly. a iramicnt pcriwl mav l«c icithcd m "hicft 
an increase m tlic Icmpcraiure of (tietLin i» noi as»ociaicd wiiJi dcsircss 
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aitenosclerosis and peripheral neuritis, for example, do not indicate 
erjthermalgia While close questioning of an intelligent, observing 
patient ivho has noted objectise absence or presence of inci eased ss-armth 
of the shin ivhen burning distress ocntrs may allow tentative exclusion 
oi acceptance of the diagnosis of er)tliermalgn, the final diagnosis must 
be based upon objective studies 

METHODS OF STUDY 

In order to demonstrate the essential relationship betv\een skin tern 
perature and distress, it is necessary to increase the temperature of the 
skin to a value at which distress occurs This can be accomplished in 
several ways (i) Reflex vasodilation can ordinarily be accomplished by 
means of a baker containing five or six carbon filament limps so sup 
ported that they are about 46 cm (18 inches) above the skm of the 
abdomen and chest A blanket is placed over the baker and the feet are 
exposed to room air The temperature of the air within tlie baker usually 
IS between 50* and 60* C (122* to 140* F) Sometimes simply wrap 
ping the extremities m blankets will cause an adequate increase in the 
temperature of the skin (2) Direct warmth can be applied by enclosing 
the extiemity within a rough blanket tent, within which a lighted carbon 
filament bulb is placed For some reason I ^ave noi Jiad much success 
m producing the distress by immersing the extremity in warm water 
The reason for this is not cleai A cylindrical copper bar, about 2 5 cm 
(i inch) in diameter, may be warmed to tlie desired temperatine by 
immersion m water and applied directly to the skin ^Vhenevcr these 
methods are used, distress is more easily induced when tlie extremity is 
dependent The explanation for tins is presented m the paragraph on 
hydrostatic pressure 

If ery thermalgia is present, burning distress occurs as the temperature 
of the skin increases Ordinarily, burning occurs when the temperature 
of the skin is increased to about 32® C (896® F), and this burning 
increases in intensity as the temperature of the skin is still further 
increased If the mechanism for increasing the temperature of the skin 
of the extremity is removed and the temperature decreases, the distress 
disappears Ordinarily, the critical point of temperature varies less than 
i * C (o 5® F ) in repeated experiments, altliough different patients hav e 
somewhat divergent critical {x>ints If distress is induced repeatedly, a 
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rcsismu plnse nn) occur during ^vlucli distress cinnot he produced 
e\en though the tempeniure of the skin is increiscd satishctonlj If the 
distress is prosed to be dependent upon the tempenturc of the skin the 
dngnosis of crjtlicrnnlgn is cstnblished Confirnntor) fiudings Tre in 
increise in the distiess uhen the extreinii) is dependent or when the 
senous pressure is rused b) meins of t sphygmomanometer cufT ind i 
deciease in the distress when the extremity is elcsitetl or immersed in 
cold witer 

REPORT OF CASES 

Case 1 A wlme min i forcinin of underground constniction m i 
gold mine aged 31 ycirs registered it The Miyo Clinic m Scpiember 
1937 In rebmary 1936 a falling rock had caused a chip frictiirc of the 
bone of the left great toe from svliich recovery was prompt In Jamiary 
1937 for a shoii tunc pain m the left great toe and foot issoctatcd wnli 
some swelling of the foot ciuscd limping The pitient felt ilm die result 
ant distress was not the same as that which lie experienced subscijittiuly 
In July 1937 dus hticr type of distress winch will be described «ib 
sequenily appeared ind as i result the fngnicni of bone wis removed 
from ihe left great toe Relief wis not experienced except while die 
{iiticnt was in bed 

From tlic time of onset in July 1937 to the nine of the patients 
admission to the clinic he had expenenwd eight attacks of distress each 
of winch hsted three or four days At first only the left great toe was 
involsed but in the last two attacks the discomfort spread to the bill nl 
die foot and the fifth toe This distress was described as hot btirnmg 
throbbing acliing and pulsating in nature It seemed to be prccipmtid 
and aggravated by work walking or climbing Relief was obtained con 
stantly bwl iransveivlly by rest clcsatiou and ctikl water Some inctlicme 
which the patient bchevcti to be sodium salicylate had not helped He- 
cause of the distress ilic patient was forced into a sedentary ocaipaiion 
\\ hdc he was driving to Rochester he discovered tint ten grams of acetyl 
salicylic acid (aspirin) prodticcil prompt relief which jiersistcd for alxnil 
three days He Ind noted incrcasctl surface tcmpcrauirc red to deep 
purplish discoloration and increased sweating of tlic foot dtimig episodes 
of distress 

Physical examination and routine lalwriiory tests gave negaint 
results Tlic peripheral iricries pulsaictl norrmllv 1 he {tcrccmagt vi 1 

time of cells in the blood (hematocrit) was 53 0 

The patient lay on i bed in a room winch vs as kept at a consiam 
icmperature fulls rloihcd exnpl iliat lus shoes were rtmovcil for -10 
nnnuies His socks were remov^ at 1 5 > i m and he las willi lus fcri 
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exposed until 2 2 j (Table 1) No distress uas noted At 2 25 he sat on 
the edge of the bed ^Mih both feet dependent Distress of a throbbing 
type invohed the left first toe and the outer side of the left foot in about 
25 seconds The temperature of the left foot increased rapidl), and as it 
did so, ‘ aching burning and soreness occurred in the distal half of 
the foot Changes in the temperature of the skin of the right foot uerc 
minimal (Table I) On a subsequent daj, during an episode of spontane 
ous distress associated with an ele\aied skin temperature, the patient was 
gnen ten grams of acetjlsalicyhc acid by mouth Complete relief svas 
experienced in 20 minutes, although die skin temperature ^\as not influ 
enced bj the drug It was also shown that immersion of the foot in cold 
water g-i\e immediate relief Additional studies showed that vasodilation 
was more easilj induced in the afflicted areas titan elsewhere When both 
feet were wrapped loosel) in a blanket, within which heat was produced 
bj a carbon filament bulb, the temperature of the skm of the left first and 
third toes and of the ball of the foot increased more rapidly than did that 
of corresponding areas of the right foot (Table II) This procedure 
carried out two or three da>s after the patient had ingested aspirin did 
not produce distress even though the temperature of the skm was high 

These obsen.alions seem to be important As expected theie was a 
close relationship between the distress and the temperature of the skin 
The critical point was from about 31 o® to 32 0® C (87 8° to 8g G® F ) 
Most surprising was the marked increase in the temperature of the skin 
of the left foot as a result of dependency alone, in contrast, there was 
very little change m the temperature of the right foot Noteworthy also 
was the prompt relief following the administration of acetyJsaheyhe acid 

Case 2 A man, 48 )cars old, was examined at the clinic m December, 
1930, because of pains in his amis and cliest, weakness, nervousness poor 
memor), and dizziness The value for hemoglobin was 17 8 Cm per 100 cc 
and the erythrocytes numbered 4 7 millions per cubic millimeter The 
diagnosis was anxiety neurosis The patient returned to the clinic in 
August, 1936, when the symptoms just mentioned had to a large extent 
disappeared For two years he had noticed burning distress involving 
various areas of the skm of Ins right foot, diiefiy the plantar surface and 
first toe Reddish discoloration of the foot had also been present The 
distress, wlucli was fairly constant, was made worse bj walking vvlitoft also 
increased the discoloration and the cutaneous temperature The patient 
was finally forced to walk with a cane Relief from the distress was 
experienced on elevation of the foot Immersion in cold water had not 
been tried 
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On examination, there w’as an unusual redness of the skin of the face, 
c>anotic discoloration of the buccal mucosa, and increased reddening of 
the conjunctiva The entire right foot was dusky red and obvioiisl) 
warmer than the left. The \cins of the right foot were distended, llic 
liver and spleen were shghtl) enlarged to palpation, and the heart v^as 
slightly enlarged to peraission. The blood pressure was 178/112 The 
value for hemoglobin was 20 9 Grn per 100 cc, and the cr)throc)tes num- 
bered 5 13 millions per cubic millimeter. The percentage of cells in the 
vvhole blood (hematocrit) was 66, and the whole blood volume was 
8009 cc, or 109 cc per kilogram of body weight. The value for blootl 
uric acid was 3.7 mg per cent. The respective temperatures of the skin 
of the right first, right third, left first, and left third toes in degrees centi- 
grade were 31.9, 32.1, 27.6, and 26 8 Blood taken from a vein on the 
dorsum of the right foot contained 215 volumes of oxygen per lOO cc. 
(91 per cent saiuraiion) , whereas that drawn from a vein on liie dorsiini 
of the left foot contained 18.7 volumes of oxygen per 100 cc. (09 5 per 
cent saturation) There was roentgenologic evidence of osteoporosis of 
the right foot. A diagnosis of polycythemia vera and crythcrmalgia was 
made. 

Because of financial reasons, the patient returned to the care of his 
local physician, who on four occasions performed venesection. A year 
after the patient had been dismissed from the clinic his physician wrote 
that the patient no longer had distress ift his right foot. 

Examination of the patient and of I»is blood established the diagnosis 
of polycythemia sera All the criteria of crythcnnalgia vvcrc satisfied, 
namely, reddish discoloration, increased tcmjieraturc of the skin, and the 
characteristic burning distress. At the clinic, the relationship between 
ery tbermalgia and polycythemia has become so firmly established th.it 
polycythemia is suspected when there are symptoms suggestive of cry- 
thcnnalgia 

Most interesting was the finding of the high concentration of oxygen 
in the blood taken from the vein on the dorsum of the riglit foot. The 
content of oxygen in this venous blood appeo.iched lliat normally found 
in arteries This phenomenon was noted previously by Brovvn, who con 
sidercd it as evidence of a high degree of vasodilation. Another cxpl.vna- 
tion which occurs to us is the functioning of the arteriovenous anasto- 
moses which normally arc not functioning, or are functioning to a less 
dc*gree. Such an hypothesis would help to explain the dusky redness of 
the skin, indicating a low oxygen content of the capillary blood while 
at the same time there was a high concentration of oxygen in the venous 
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blood In other words blood may hate been shunted directl) from the 
irtenoles to the teins 

One of the objecuons to accepung pol^cythemn as tlie cause of the 
er)theiraalgia t\as the unilateralit> of the latter condition Since the 
disturbances in circulation resulung from polycythemia are bilateral one 
might reasonably expect erythermalgia to be bilateral Houeter illogical 
it may seem there is in our experience a direct cause and effect relation 
ship for a return of the blood to normal may cause the disappearance 
of unilateral erythermalgia It may be that one extremity has some 
inherent susceptibility not present in the other Unfortunately i\e can 
only assume and not be entirely certain that in the case under discussion 
relief of the polycythemic state uas responsible for the disappearance of 
the erythermalgia "We see no difference between the syndrome noted m 
this case and that whicli occurs primarily except that the tlistress was 
more constant apparently because the cause of the vasodilation was 
persistent 

TREATMENT 

The treatment of erythermalgia is not uniformly successful as was 
obsened originally by MitcJiell and empliasized by Brown It is of 
course important to determine whether there is any condition such as 
polycythemia to which erythermalgia might be secondary Under such 
a circumstance the treatment of the syndrome affecting the extremities 
would be the treatment of tlie condition which produces it Surprisingly 
aretylsalicylic acid m amoums ol as little as o Gj Gm (lo gnins) may 
produce marked relief which jiersists for as long as several days No 
adequate explanation of this available but it is so common that we 
have learned to suspect erythermalgia whenever patients mention marked 
and prolonged relief as a result of using this drug 

Mufson noted marked relief following the injection or inhalation of 
solutions of epinephrine chloride He believed that the distress of cry 
therinalgia v as a manifestation of relative liypertension m the minute 
vessels of the skin a condition which epinephrine relieved I have not 
had enough experience with this method of treatment to justify an 
opinion as to ns efficacy 

Sonic symptomatic relief may lie obtained by avoiding procedures that 
produce vasodilation in the extremities Residence in a moderaic climate 
may help Avoidance of exposure of ilie feet to v\armth as in riding in 
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the front seat of an dutumobile, ma) alletiatc some of the distress, as 
ma> also the use of light socks or stockings and of sandals or perforated 
shocs.f 

When simple measures fail, it maj be ncccssar}- to anestlietizc tlic 
skin of the feel by section, ciushing, or by the injection of alcohol into 
such periplieral nenes as the posterior tiblal, |)eroneal and sural. A 
logical method is to attempt to desensitize the skin to narmth At first, 
the extremities should be immersed in seater at 30” C (8G® F.) for 15 
minutes twice daily for two or three days. The tcmpeiaturc of the water 
should then be increased one or two degrees for another period of two 
days, and tins program should be coiitimietl. If distress occurs when the 
temperature of the water is that whicli ordinarily prosokes disness, the 
treatment should be begun again. If this plan of treatment is successful, 
the water at the temperature whidi prosoked distress before the tre.UJiicm 
was begun will not cause distress. As yet wc have no evidence that this 
plan of treatment is helpful. Histaminase, or ''dcsetMifiz.aiiotr’ uitJi lu'sta* 
mine may be tried. The latter should be given subcuianeotisly twice 
daily, beginning v>ich 003 mg. and increasing earli injection by about 
0.01 mg., until about 0.13 mg. have been given or until severe reactions 
occur. Injections should be given for about ten days. 

TABLE I 

Temperature Studies 


Tsme 

P M 

TcmptralttW in dfffti C 

Temp 

drtrees 

C 

Lrfifoot 

Bicht fool 

First 

Tee 

Third 

Toe 

1 

Fifth 

Toe 

Ball 

oj 

Fool 

First 

Toe 

Third 

Toe 


Balt 

Foot 

2d)5 

10 4 

31.2 

30 I 

35 S 

28 2 

29 2 

30 5 

30 9 

24 7 

2J5 

30 5 

11 4 

30 7 

35 7 

27 I 

28 9 

29,7 

30 4 

24J 

22 - 

31 2* 

31 9 

31 1 

I* 

27.1 

29 0 

30 1 

30 4 

24 1 

2JS 

32 4* 

34 0 * 

11 9* 

34 8* 

27 7 

29 8 

.10 7 

30J 

217 


32 6* 

14 6‘ 

312* 

3S1* 

29 1 

30 3 

31 2 

30.5 

24 6 

2JS 

32 3* 

34 2' 

32 2 

15 4* 

303 

29 8 

310 

308 

23.9 


t Ttwimcnt of ihe painful areas ».»lh n»«il,;cn Ta>s or ruliuin may help Siieli jrrjmirw 
should of fourse. be carrinl out onh l>y an rspeti. 

• riie de'ignaiiou (•) indiotes »he prr«enee of dutrrw 
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TABLE If 
Tfmperature Studies 




Ttmperaliires tn degrees C 




Time 

1 \i 


Lejl foot 
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Temp 
degrees 
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First 

Toe 

Thrd 

Toe 
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of 

Fool 

First 

Toe 

Third 

Toe 

Ball 

of 

Fool 

9 30 

23 S 

23 2 

24 6 

23 4 

’31 

24 3 

23 4 

1 at lent recun bent 

9 40 

23 8 

23 1 

24 6 

23 3 

23 1 

24 2 

’4 3 

Patient recumbent 

9 42 

23 8 

23 2 

24 6 

23 3 

23 1 

24 2 

24 1 

Patient s tt ng feet 
wTapped in blanket 

10 30 

25 4 

24 J 

25 6 

23 4 

234 

24 3 

24 0 

1 at ent s tt ng feet 
uTapped in blanket 

10 47 

29 4 

263 

275 

23 9 

23 4 

24 4 

24 4 

Heat applied to blanket 

11 15 

32 7 

32 0 

32 2 

24 2 

23 5 

24 7 

24 0 

Heat in blanket 

11J5 

36 9 

33 0 

34 5 

31 5 

27 5 

28 8 

24 2 

Heat in blanket 

11 4S 

38 1 

33 9 

35 0 

35 4 

3d 5 

303 

24 0 

Heat ren o%ed 

11.50 

360 

33 2 

34 9 

35 0 

290 

30 6 

23 9 

Heat remove 1 

12-00 

3d I 

34 0 

34 8 

32 8 

28 8 

30 7 

24 0 

Heat removetl 
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CHAPTER LIV 

LYMPHEDEMA OF THE EXTREMHIES 

By Edgar V Ailcn D 

Etiology L)mplicdemi ^vliicli affects human beings appears to have 
a multiple etiolog) The mechanism of its production uhich is however 
apparentlj the same m all cases is predicated on clinical and e\pcri 
mental observations 12a L^mph stasis occurs primarilj as a rtsnU of 
obstruction that is produced by inflammatory or noninflammatory proc 
esses or by lymplnngiectasis uliicli occurs in association vMth congenital 
lymphedema ^\hcn obstruction occurs the intralymphatic pressure 
increases and Gauscs dilation of lymph vessels wall subsequent insiifli 
ciency of the valves forcing lymph to seek new clianncls which arc sup- 
plied inadequately with valves Since valves are very important in causing 
the lymph to move centrally incompetence of the valves causes further 
stasis of lyanph The protein content of the lymph increases and fibro- 
blasts proliferate rapidly since the lympli is an evccllcni culture medium 
for the grovvtlv of fibroblasts This fibrosis conmbntcs further to lymph 
stasis As a result of tlie macased quantity of lymph in the tissues attacks 
of acute inflammation may recur producing thrombosis of lymph vessels 
more stasis of lymph and hence more fibrosis The cycle which is a 
VICIOUS one consists of stasis of lynipli fibrosis inflammation with further 
stasis and hence more fibrosis 

Classificatio> of 300 Cvsf-S of LVMriirnrMv 
A Noninflamniatorv 
I Primary 

Precov 
Congenital 

1 Simple 

2 Familtal (Milroys disease) 

II Secondary 

Malignant occlusion 
Surgical removal of lyanph nodes 
Pressure 

Roentgen and radium therapy 


i AS1S 


93 

U 

0 

32 

61 

I 

3 


(IflG) 



LY'MPHEDEMA. OF THE EXTREMITIES 1617 

li Inflammatory 

I Primary (single or recurrent aaite and clironic) 41 

II Secondary (single or recurrent acute and clironic) 

Venous stasis 13 

Trichophytosis 5 

Systemic diseases 5 

Local tissue injury or inflammation 33 

Filanasis 1 

NONINFLAMMATORY LYMPHEDEMA 


Pnmary Lymphedema^ Lymphedeim preco\ is an ongiml term 
applied to a definite clinical syndrome manifested m 93 cases in the 
group of 300 cases studied It affected female patients predominandy 
(87 per cent of the cases) , and in the majority of instances (65 per cent) 
had Its onset between the ages of 10 and 24 years inclusively The term 
preco\ IS used to denote an early development m many of the cases 
in this group the onset of symptoms occurred at puberty and the inci 
dence of onset m adolescence was impressive 

The swelling occurs spontaneously and without known cause at the 
onset tlie patient ordimnly notices a pufBness about the foot or ankle 
The edema is worse during long periods of activity during the menses 
and in warm weather Rest in bed and elevation of the extremity produce 
temporary disappearance of die edema that may affect one lower extremity 
exclusively (70 per cent m this senes) or bodi legs simultaneously one 
extremity may swell months or years after the opposite member has 
become involved 

The edema ordinarily progresses up the leg slowly and eventually 
the entire limb becomes edematous over a period of months or years 
The spread of the edema may however, be much more rapid the entire 
limb may be involved within a few days or weeks In many instances 
swelling is limited to the foot and ankle or does not extend above the 
knee Frequently this particular state is doubtless merely a phase of a 
progressive condition but in other instances it seems to represent die 
maximal degree of extension of die edema 

Gradually the swelling whatever its hmiiations becomes inoie 
marked elevation and rest m bed cause its reduction but not its dts 
appearance The smoodi skin becomes roughened and the hitherto soft 

• This dcs gnat on inJ cates no iinfl-itntnatoT) t)pc of lymphedema 
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edema becomes resistant to pressure. In addition to enlargement of the 
limb due to edema, tliere is acuta! hypertrophy of tissue, and the limb 
becomes unsightly, ungainly, and uncomfortable. A dull, hea\-y sensation 
IS present, but there is no actual p-iin. 

The entire course of the spelling is ordinarily one of smooth pi egres- 
sion, acute lymphangitis and cellulitis occur infrequently (in 13 per cent 
of the cases studied) . Ulceration of the sUn docs not occur. The entire 
history is ordinarily that of comersion of a normal limb into a sivollen 
one; nothing else is notei\orthy. 

The cause of lymphedema prccox is obscure. The predominant 
incidence among female patients, the onset in the majority of cases during 
adolescence, and the accentuation during menstruation tend to indicate 
that the reproductue organs play a part in the condition. Possibly tlic 
additional load throun on the lymipli vessels by rapidly descloping repro- 
ductile structures induces a functional incompetence of the lymph lesscls 
or allows entrance of infection Into the lymph trunbs and nodes in the 
pelvis Even minor degrees of functional inadequacy, througli obstruc- 
tion in the pelvis, might lead to dilatation of the lymph vessels be1ov\, 
vulh incompetence of tlie valves, particularly among women, whose sub 
cutaneous tissues offer little support. The resulting interference vsitlt the 
free passage of tissue fluid into the lymph vessels provides adequate 
encouragement for the growth of fibroblasts and further obstruction by 
connective tissue. Homans, Drinker, and Field reported a case in which 
the lymphedema apparently was of the prccox type. At exploration, 
greatly enlarged lymph vessels were found m the pelvis; this was an 
indication of obstruction proxiroally. It is possible that the entire 
explanation rests on a congenital underdevelopment of lymph vessels, or 
their inability to develop quickly enough to supply adequately tissues 
that are growing rapidly. Limitation of the disc.asc to the lower cxtrcin 
ities is striking, and it indicates that gravity is an important factor in 
the development. 

iLLUSTRATivr CvsEi A JcHcss, 32 years old, was admiiicd to the clinic 
May 15, 193G. complaining of a sv\ollcn right extremity. This swelling, 
which had apjieared one year previously in the region of the ankle, had 
gradually progressed until the entire extremity from tlic dorsum of the 
fool to tlic inguinal region Jiad become involved. During the first fevs 
months the swelling had fluctuated in degree, but in the six months pre- 
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ceding idinission it had remained relatiiel) stationary although eloaiion 
of the leg for any prolonged penod had reduced the sire somenhaL There 
■was no associated pam and no histor) of any preceding trauma or infection 
On examination at the dime the right leg was found to be about 
half again as large as the left pitting edema of the dorsum of tlie right 
foot right leg and right thigh Iwing present There ivas no evidence of 
disease of the kidneys heart or pchic structures Fissures were present 
between the toes but tndiophytes could not be demonstrated micro 
scopically A kondoleon type of operation was advised but the patient 
refused Adequate supportive bandaging v as therefore recommended 
after elevation of the limb until there had been maximum reduction in 
the size of the limb 

Congenital Lymphedema This may be either simple or familial 
In both types lymphedemitoiis swelling usually of one lower extremity 
is present at birth There may be aciinl hypertrophy of the limb which 
IS the result of fibrous hypertrophy In other instances the skin ts soft 
and the edema is less resistint to pressure The two forms do not vary 
except that m the simple type blood relatives aie not similarly affected 
In the familial type several persons in the same family have lymph 
edematous swellings of one or more extremities The hmilnl type known 
as Milroy s disease was first described by lum as a cluneal entity in iSg” 

Secondary Lymphedema This may be the result of malignant 
occlusion of lymph vessels by metastasis of malignant disease of the breast 
uterine cervix uterus vulva piostategJand bladder testes skin or bones 
to adjacent lymph nodes Such a possibility serves to emphast c the 
necessity o/ close scruliny for evidence of malignant disease in all case% 
of lymphedema since swelling may be the first outward manifestation 
Pressure outside the lymphatic trunks perhaps occasionally but rarely 
produces lymphedema Tl e one case of lymphedema apparently due to 
pressure m this senes seemed to follow the use of a truss foi inguinal 
hernia Secondary noninflammatory lymphedema may occur in cases of 
Hodgkins disease or lyinpliosarcoma or it may be associated with mul 
tiple hemorrhagic sarcoma v hicli has been described by Kaposi or it 
may follow surgical removal of lymph nodes and lymph vessels for malig 
nani disease distally situated or for tuberculosis or metastasis of malignant 
disease The last named condition is the elephantiasis dururgica of 
Ilalsted Snell a condition is not iincomtnonly seen followtng radical 

• n s lev g at o I (! cates non nflamtnaior) type ot Ijmpl edema 
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amputation of the breast and the removal of the axillarj lymph nodes for 
carcinoma. The lymphedema may occur with or without iniercurrent 
attacks of lymphangitis and cellulitis The irregular interval at vvhicli 
lymphedema occurs after radical amputation of the breast is remarkable. 
Usually, the arm begins to swell on resumption of activity, but weeks, 
months, or even years may pass before the extremity becomes edema- 
tous. In one instance, the arm was free from swelling for 9^ years, 
there wtis no evidence of the recurrence of malignancy to account 
for the edema, and cellulitis and lymphangitis had not occurred In such 
instances, it is possible that fibrosis may be induced by repeated irradia- 
tion, tiuis producing lymphatic obstruction, or, that occult lymphedema, 
which has been present for years, has resulted in overgrow tli of connective 
tissue and obvious edema. Lymphedema may occur after treatment with 
radium and roentgen rays AVhether such a result is brought about by 
tlie fibrosis caused by irradiation or by metastasis of the malignant disease 
for which radiation is given cannot be determined with certainty. 

INFLAMMATORY LYMPHEDEMA 
General Characteristics: Tlie advanced suge of inflammatory lymph- 
edema has been called “elephantiasis nostras streptogenes.” All examples 
of inflammatory lymphedema, exclusive of the chronic form, have one 
feature in common, single or recurrent attacks of acute cellulitis and 
lymphangitis. The contrast between lymphedema of inflammatory origin 
and of the precox type is striking, in the former, progression is by a series 
of attacks which arc impressive in the suddenness of onset, and striking 
in the severity of systemic reaction; in the latter, the history is one of 
slowly progressive edema. The usual victim of an attack of cellulitis and 
lymphangitis of an advanced grade is suddenly seized witli a severe cliill 
unpreceded by other symptoms, or, following a short period of distress 
in tlie extremity or in its proximal lymph nodes, his teetli chatter, the 
bed shakes, and he becomes nauseated and vomits. His temperature is 
between 38 3® and 41.1° C. (101° and 106° F.) ; in a short time a small, 
reddened area spreads until a considerable portion of the extremity is 
swollen, red, hot and tender. The proximal lymph nodes are lender and 
swollen. The chills recur during a period, of 30 minutes to an hour. 
The high fever persists for a period ranging from a few hours to two or 
three days, and is accompanied by marked malaise that may persist after 
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tJie temperature returns to normal The abnormal condition of the 
extremity recedes slowly over a period of from 4 to 14 days, but, after 
all clinical signs of acute inflammation fiave disappeared, stvelling is 
present in a greater degree than before the attack. The organism chiefly 
responsible for the attacks of acute inflammation is the streptococcus. 
Single attacks leave minor degrees of lymphedema, but successive attacks, 
which tend to ocair progressively more frequently produce increasing 
edema; each attack is a step toward the final stage, namely, marked 
lymphedema. 

The chronic form of lymphangitis of the spontaneous inflammatory 
type is exceedingly rare. In such instances, the leg is persistently warmer 
than its companion member, and a reddish discoloration of the skin 
exists. In many instances, lymphedema following injury or infection 
develops without the intervention of acute attacks of Ijittphangitis and 
cellulitis or of clinical manifestations of chronic lymphangitis. The 
infection in such instances is considered to be subclinical. It should be 
empliasized tliat Jjmphangitis, whatever its nature, produces occlusion 
of lymph vessels by thrombosis which produces lymph stasis which in 
turn provokes further fibiosis and more stasis of lympit. 

Primary Lymphedema*: This term signifies a condition resulting 
from single or recurring acute attacks or from chronic lymphangitis and 
cellulitis not secondary to any known local abnormality, such as venous 
or lymphatic stasis or extraneous infection. In many such instances the 
lymphangitis appears to occur in much the same spontaneous manner as 
tonsillitis or phlebitis. In other instances it may be dite to infections 
introduced into the lymph vessels tlirough minor portals of entry unno- 
ticed by the patient. The acute attacks of lymphangitis and cellulitis 
have been described; each attack leaves a residue of increased edema. 
In the chronic form of lymphangitis the edema is slowly progressive. 

Secondary Lymphedema*: This term indicates a condition result- 
ing from lymphangitis secondary to known causes. The lymphangitis 
may occur in single or recurrent attacks or in a clironic form. Chronic 
edema of venous origin may predispose to recurrent attacks of acute 
cellulitis and lymphangitis, and tlius to progressive lymphedema, but sucli 

• Tliis designation indicates infl.ifnm.'SKMy Ijinpheflana. 
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culty arises Lymphedema can be distinguished isithout difficult) from 
the edema of general systemic diseases, such as myxedema, m)ocardial 
failure, nephrosis, nephritis or deficient proteinemia, ivhen it is unilat 
eral i\hen it is bilateral, a thorough examination is necessary to exclude 
these diseases Sarcomas, lipomas and neoplasms of the bone are almost 
uniformly unilateral, and they produce regional or localized sivelhngs, 
whereas the edema of l)mphatic obstruction is more uniform and exten 
sue ^Vhen swelling of an extremity is localized, careful roentgenologic 
studies are invaluable from a diagnostic standpoint Angioneurotic and 
c)clic edemas are characterized by this intermittence, ivhereas l)mph 
edema is more constant and disappears during the early phase only on 
elevation of the limb, ivell advanced I)mphedema responds to this proce 
dure incompletely Enlai^ement of a limb in arteriovenous fistuh is 
associated with dilatation of and increased pressure m the regional veins 
anal)sis of the blood from these veins reveals an ox)gen content approach 
mg that of arterial blood If the arteriovenous fistula is congenital, or 
was acquired before longitudinal growth of the bones ceased sponta 
neously, the hmb is increased in length as well as m circumference All 
these signs of arteriovenous fistula, except the increased circumference 
of the limb, are absent in lymphedema 

The edema of limbs occasional!) noted in 1) mphosarcoma is probabl) 
of lymphatic origin, but recognition of the basic condition is important 
Ordmanl), in cases of lymphosarcoma, there are enlarged nodes in the 
regions in which nodes are usuall) palpable, and m the mediastinum 
Microscopic examination of a node removed surgicall) is inv-aluable when 
doubt exists It may be remarked parentheticall) that it is ahrays impor 
tant to examine patients with lymphedema carefully for evidence of 
malignancy Lipodystrophy, cliaracienzed by fat legs,' is to be distm 
guished from lymphedema Young women and girls with lipodystrophy 
are subject to worry, anxiety and even to embarrassment at the supposed 
cosmetic disfiguration Such reactions have arisen largely as a result of 
short dresses and hosiery advertisements for aside from a slight disturb- 
ance in the symmetry of the body, no disfiguration exists The conthtion 
however, is as important as it appears to tlie patients The characteristic 
symptoms which lymphedema and lipodystrophy may have in common 
are predilection for women, similanty m appearance, painlessness and 
additional swelling of the feet or ankles when patients are on iheir feet 
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much, particular!) in warm weathei Lipod)stroph) is unifonnl) biht 
eral and is usuall) associated s\ith generalized obesit) or obesity about 
thepehis The degree but not the extent of lipodystrophy may progress 
after it is first noted In contrast lymphedema is usually unilateral not 
ordinarily associated ivith obesity and usually progresses from the foot 
proximally, except ivhen it is congenital Attacks of lymphangitis and 
cellulitis may occur in lymphedema but not in lipodystrophy Pitting on 
pressure may occur in both conditions but it is less e\ident in hpodys 
trophy Tlie diminution in size uhicli may follou elesation of the ex 
tremities in both conditions is more marked in lymphedema 

The edema of deep tlirorabophlebiiis is usually to be distinguished 
from lymphedema because the former is similar to lymphedema m so 
many respects Well ad\anced stages of either condition offei little diffi 
cult) in diagnosis The hypertrophied limb with the thickened skin and 
firm consistency characteristic of lymphedema has little similarity to 
the hmb in cases of deep tlirombophlebiiis for the latter is ranked by 
softer edema, stasis ulcers dermatitis and superficial \ances To be sure 
when attacks of recurrent lymphangitis or cellulitis occm the leg that 
was originally edematous from \enous obstruction acquires an additional 
element of lymphedema and lymphedema may occur around vancosc 
iiJceri as a resiiU ol chronic infection So hr as 1 am an are Jjoireier pure 
uncomplicated lymphedema whateser its origin does not lead to ulcera 
tion 

It is in the earlier phases of the two diseases that difficulty is encoun 
tered tlie usual similarity of symptoms includes umlaterahty, pitting on 
pressure, normal skin texture and disappearance of edema follow mg eleva 
tion of the limb Dissimilarities exist m the circumstances of ongin speed 
of onset and progress distress experienced by the patient and condition 
of the superficial sems Tiirombophlebitis with edema usually occurs 
m the course of or following an illness such as pneumonia or typhoid 
feser or follows childbirth or operation During the acute stage a dull 
aching distress occurs in tlie area of Uie involved vein wlncli is tender 
to pressure tlie edema develops rapidly to Us fullest extent in the course 
of hours and the superficial veins are dilated Lymphedema docs not 
ordinarily occur during systemic disease The absence of distress is sink 
ing except wlien acute cellulitis and lymphangitis occur the edema ordi 
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narily de\elops to its fullest extent slouly o%ei a period of weeks months 
or years and the superficial veins are not dilated 

Among dissimilarities the localized distress that occurs in thrombo 
phlebitis IS most important Occasionally the two conditions may coexist 
as in the case of the thrombophlebitic limb that is involved in recunent 
attacks of lymphangitis and cellulitis In rare instances it may be difficult 
if not impossible to distinguish between the two conditions although 
roentgenologic studies may be of some value The difficulty is particularly 
great when patients can relate only vague details about die development 
of the edema 

MEDICAL TREATMENT 

Medical treatment in order to be of value must be carried out early 
There is no medical treatment of value when the limb is greatly hyper 
trophied from the overgrowth of connective tissue Treatment must be 
instituted when the edema first becomes evident The longer uncon 
trolled lymphedema exists the more fibrosis occurs and the less efficient 
medical treatment becomes This point needs to be emphasized for most 
patients seen at The Mayo Clinic who have lymphedema have had it for 
a long time and marked fibrosis which cannot be influenced by medical 
treatment has already occurred 

Control of Edema The rationale of attempting to control edema 
13 based on a conception of the condition within the ussues Large lym 
phatic spaces exist valves are absent or are functionless as a result of 
dilation of the lymph vessels and lymph winch ordinarily moves proxi 
mally as a result of muscular activity and the action of valves is stiiic 
or flows to dependent parts A close parallelism exists vvith the condition 
present in varicose veins The problem is one of causing the lymph to 
move toward the body by preventing stasis ^Ve know of no v\ay to ac 
complish this medically other than by compressing the limb by adequate 
bandaging 

An important first step is elevation of the extremity until as much as 
possible of the lymph has been removed from the extremity Cloth hand 
ages are of little or no value the support which tliey give is of little value 
Elastic stockings are unsatisfactory in many instances for the same rea 
son they tend to stretch and lose their elasticity Adhesive bandages are 
somewhat more efficient than the previouslv mentioned supports 
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The entire crueiia for establishing the salue of any type of suppou 
IS control of edema a support iihich does not preient suelliiig nhen the 
patient is actue is \alueless one avhicli prevents swelling is adequate 
I prefer a pure rubber roller bandage 3 inches wide and 15 feet long Of 
die three weights available the proper one prescribed for any specific 
patient depends on the difficulty in controlling the edema Ordinarily 
the bandage is applied over a bsle stocking beginning by making two 
turns about the foot two figure of eight turns about the ankle and pro 
gressing up the extremity to the knee Tlie toes and part of die heel are 
left exposed The bandage should be removed and applied m the same 
manner each time as it becomes shaped 10 the extremity on repeated use 
If It 15 applied too tightly the toes become discolored cold and numb 
If It is applied too loosely edema lesults Patients soon become adept at 
bandaging their legs efficiently The bandage should be removed at mid 
dav and reapplied over a dry stocking after the patient has rested for an 
hour 

The same procedure is lepeated at night if tlie paiient is active If 
he remains home he may remove the bandage and elevate the leg while 
sitting Patients object to wearing the bandages because of the incon 
vcnience in applying them repeatedly the slight discomfort and then 
unsightly tppearance This is particularly true of women 1 ho <7b|ert to 
the appearance of the bandaged limb Trequently a well fitting elastic 
stocking may be used for dress occasions and the use of the heavier 
rubber bandage may be reserved for ordinary activity It is well to point 
out to women that the lymphedematous leg has an abnormal appearance 
winch the bandage increases but little and 10 emphasire that unconirollcd 
edema almost invariably causes a gradual increase in the sire of the limb 
I have no information regarding lioi long the bandage should be v oni 
in some instances it must be used indefinitely in others improvement in 
circulation of the lymph may occur Once every month or so the bandage 
can be left off for a day as a trial If edema reappears the support must 
be worn again 

Treatment and Prevention of Inflammation Tlie attacks of acute 
lymphangitis ordinarily subside spontaneously but recovery appears to 
lie hastened by elevation of the hmb and by tlie application of hot tnoist 
jiacks ^Vhen reactions are severe streptococcus antitoxins such as those 
which are used in the treatment of erysipelas or scarlet fever or polv 
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valent serums may be used Blood serum from patients who recently have 
reco\ ered from an attack of acute lymphangitis and cellulitis may be of 
value I have never observed patients to whom I thought it necessar) to 
give antitoxins or convalescent serum for an episode of acute inflamma 
tion Sulfanilamide may hasten recovery 

Almost the entire problem as far as infection is concerned is the 
prevention of attacks Unfortunately we have no proved w'ay of accom 
plishing this I have felt that some commercial preparations such as 
streptobacterin when administered for a long period have been helpful 
but I can offer no direct evidence More logical would be the manufac 
ture of an autogenous vaccine from organisms which have been isolated 
from the tissues at the beginning of the attacks Again we have no defi 
nite evidence that organisms can be isolated regularly during attacks or 
that a vaccine would be effective m preventing them I hope that studies 
with animals which have lymphedema will demonstrate the value of this 
method The periodic injection of a therapeutic amount of streptococcus 
antiserum every few weeks may be of value Care should be taken to avoid 
serum reactions Sulfanilamide may be used intermittently if attacks 
occur frequently Portals of entry such as are present between the toes 
m the presence of trichophytosis should be removed "WTien attacks of 
acute inflammation recur trichophytosis should always be suspected and 
vigorously treated if present 

SURGICAL TREATMENT 

The necessity of surgical treatment of lymphedema is a frank idniis 
Sion of failure of medical treatment in those instances m which the best 
medical treatment has been carried out In many instances however 
surgical treatment is necessary because medical treatment Ins been carried 
out inefficiently or not it all Selection of cases of lymphedema for siirgi 
cal treatment depends on the etiology ind seventy of the lesion There 
IS no need to perform the operation in cases in which malignancy exists 
or in cases in which causative conditions of greater importance than 
lymphedema such as Hodgkins disease or pelvic tumors are present 
Unfortunately we cannot promise the patient who has mild lymphedema 
a great deal of benefit The leg can be restored to normal size and to 
nearly normal shape but tliere is no assurance that such restorauon will 
he m any way permanent unless an adequate type of supporting bandage 
IS worn for an indefinite period Therefore the more severe tlie case the 
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more one can offer in the tray of relief with surgical treatment. The his 
tor)' of attacks of cellulitis is not a contraindication to surgical treatment, 
but on the other hand, one can reasonably assure patients who hate had 
recurrent attacks of cellulitis that Uie frequenq’ of these attacks will be 
reduced. One should, of course, not operate during an attack of cellulitis 

The immediate preoperative care of the patient should consist of rest 
in bed for a few da)s, t\ith the affected limb elevated continuous!) to 
redttce the edema. A sling, nhich stippotts the limb at an angle of at 
least 45®, should be used. Diuretics, such as sal)Tgan, and firm bandaging 
ma) hasten the disappearance of edema In three to six days, as a rule, 
the amount of lymph in the limb will be min]m.al uhidi will make ilie 
surgical procedure much easier than it uould hate been before The 
various surgical methods which hate been used for the treatment of 
lymphedema hate been reviewed by Gbormley and Overton. The pro 
cedure used at the clinic is that which was described originally by Kondo* 
leon and modified by Sistrimk 

The actual operation should be carried out under spinal anesthesia, 
using a tourniquet, applied as high as possible on the affected limb and 
usually without tlie customary towel beneath jt Two incisions are made 
along one side of the thigli or arm, extending as high as the lymphedema, 
so that a long strip of skin may be excised in an elliptical manner The 
amount of tissue that can be removed will depend on the width of the 
strip of skin between the two incisions. As mucli as possible should be 
removed in order to reduce the sire of the extremity greatly. 

\Vhen the incisions have been made through the skin the margins of 
skin to be left are undermined for a distance on either side, approxi 
mately half of the circumference of the extremity. The skin, subcuiane 
ous tissue, and as much as possible of fascia, except that at the inter 
muscular septa and at joint capsules, are removed in one piece Care 
should be taken not to damage the main aitaneous nerves. After removal 
of the tissue, the wound should be closed with interrupted sutures No 
attempt is made to secure Iiemostasis, only tJie ].aiger branches of the veins 
being ligated. 

In closing the wound, one should not hesitate to apply as much ten 
sion as is necessary; considerable tension may be apjilied without fear of 
sloughing. Indeed, it is better to have some tension than to have an ex- 
cess of skin remaining redund.ant A pressure b.mdage is applied and 
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tlie tourniquet released slowl), taking several minutes to allou tlie cir- 
culation actuall) to return to normal We belies e this step to be of con- 
siderable importance as it is possible that the sudden flooding of the cir- 
culation nith material from the large isound may ha\e had something 
to do iMth the high incidence of surgical shock. The limbs are not ele- 
\ated after the operation, so that materials from the ivound get into the 
general arculation someuhat more slowly than if die limbs were delated 
.Apparently, as a result of the methods mentioned, the incidence of post- 
operatiie shock in these cases has been reduced to almost zero. 

After ten days the dressing is changed, and if healing has advanced 
sufficiently, the patient is allowed to be up Adequate bandaging, such 
as that described w’ith the medical treatment, is necessary for an indefi- 
nite period Crutches or cane are unnecessary when the patient resumes 
w'alking 

It is customary to wait from three to six months between operations 
That IS to say, we treat one side of an extremity and allow healing to 
become complete before operating on the other side. Occasionally pa 
tients get enough improvement from the operation on one side to jiistifv 
omitting the second stage, but. as a rule, a much better result will be oli 
tamed if both sides are subjected to operative treatment. 

Ghomiley and Overton recently have reviewed the results in C4 cases 
of lymiphedema, in which the condition vvas treated surgically in the past 
ten years In 41 of tliese cases there was improvement of varying degrees’ 
no improvement was noted in eight cases, in six cases the patients had 
died and in nine cases the patients had not been traced. 

Recurrent infection such as cellulitis and lymphangitis, which had 
been present in 25 instances preoperathely, was worse after operation 
than it had been before, in six cases; was improved in nine cases, and 
had disappeared in w instances, as a icsnll nt the operation. 

TJiere is considerable doubt that the benefit, whicli follows, results 
from that effect which Kondoleon onginally intended; namely, anas- 
tomosis of the superficial and the deep lymphatics, if, indeed, this aciualh 
occurs Since the obstruction in many instances appears to be in die lym 
phatic V essels within the pelvis, little or no benefit would follow the shunt- 
ing of lymph flow into the deep vessels in the leg, as these are continuous 
with die obstructed lymph vessels. The operation appears to me to he 
predominantly a plastic procedure, removing large vnlveless Ivmph spaces 
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and hypertrophied connective ti^ue As such it is not a physiologic 
piocediire but simply a plastic one which corrects deformity Since 
lyinphedema has been produced experimentally it is to be hoped that 
better methods of surgical treatment will be discovered Perhaps the most 
satisfactory procedure mil be found to be i combination of the plastic 
opention of Kondoleon and one designed to ciiry the lymph around 
the area of obstruction such as anastomosis of the lymphatic vessels of 
the extremity mtli those of the trunk Such a procedure as the htter 
has been described by Gillies and Fraser 

REFERENCES 

1 Vllen E V Arcli Int Med 5^ 606 (Oct.) 1934 

2 YLLE^ E V and Ghorxilev R K Ann Int Med ) 516 (Nov ) 193o 

3 Drinker C K- and Fields M E Lymplniics Lymph and Tissue 

Fluid Y\ ilhams and YS ilkins Company Bahimore 1933 

4 Ghormley R k and Overton L M Siirg Gynec. and Obst 61 83 

(July) 1935 Proc Stall Meet Mavo Clin P 564 (Sept 19) 1934 

5 Gillies H and Fraser F R Bnt M J / 96 (Jan 19) lOSa 

6 Homans J Drinker C K and Field M E Ann Surg 100 BIZ (Oct) 

1934 

7 kAposr M (Quoted bs Dorffel J) Arch Dermat and Siph “^6 603 

(Oct) 1939 

8 kONDOLEON ((Quoted by Giiormlev R k and Overton L M) 

9 JVfiLROY W F New York State J Med. 50a (Nov 5) 1932 

10 SiSTRUNK (Quoted by Ghormlev R k and Ovxrton L M ) 



CHAPTER LV 


SUDDEN EMBOLISM AND THROMBOSIS OF 
ARTERIES OF THE EXTREMITIES 

By Edgar V Ai-i.rs D 
ETIOLOGY 

The arteries of the extremmes ma) be occluded suddenly as a result 
of embolism or thrombosis (Table I) The heart is the chief source of 
emboh Disease of the aortic or mitral \al\es and thrombosis on the 
ualls of tlie heart due to an> cause mn> gi\e rise to the detachment of 
thrombi and their transportation b) the blood to the penphcnl artenes 
uhich suddenlj become occluded An embolus of cardiac origin is more 
hkel> to dc\elop uhen irregularities of rh^tlim sucli as auncuhr fibril 
lation or flutter exist than uhcn the rh)thm is normal A presentation 
of the^’a^ous t)pes of heart disease uhicli ma) lead to embolism is bejond 
the scope of this paper The subject has been reiieued adequatel) b) 
UiIIuis'’® 24 It is hardi) necessary to mention the transportation of i 
clot from the seins tlirough a patent forunen o\-ale as this must occur 
mrel> 

A thrombus on the ualls of the arteries of the greater circulation may 
gi\e rise to embolism dislally Such thrombi may occur in aneurysms 
on artenosclcroiic plaques as a result of injury and inflammation The 
sclerotic aorta is a common source of an embolus At necropsy one may 
observe numerous examples of projection of plaques into the lumen and 
thrombi around these projections are not uncommonly observed In 
specific instances in which no other disease of tiie heart or large aricnes 
can be demonstrated the emboli probably originate from thrombi on 
the walls of the arteries 

Local tlirombosis may occur suddenly in the arteries themselves owing 
to a number of causes Symptoms of sudden arterial occlusion ocair in 
about ten per cent of cases of ihromboangmis obliterans Just win the 
svmpioms of this final event are acute in some cases and of gradual onset 
( 1652 ) 
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The probable course of crcnu in arterial embolism 1 Normal artenal circulation at 
a specific point is maintained b) the roam and collateral artcr es 2n The embolus may 
be fxed at the point of lodgment by spasm isluch IikcsMse affects the collateral arteries 
producing profound isdiemia as both arterial paihivays are orduded 2 b l{ spa^m does 
not occur only moderate ischemia results since the collateral arteries continue to funciif n 
3a If arterial spasm persists for a considerable jcriml widespread arterial thiombosis 
results when the spasm disappears since the intima has liccn grcailv thmageil by prolonged 
ischemia Under these ciraimstances there is profrond diminui on in the bloiHl supply 
to the extremity 3 1» If arterial s| asm is relieacd promptly and the fiinctitiii of the col 
lateral arteries is increased the resulting ischemia is onl\ il ghi m spue of the fact that 
the mam pathway is occluded 3c Uficn arterial cmlxsitsm docs not result m sj asm the 
circulation can be greatly iniprosctl by increasing the function of the collatcril arteries 
only slight iKhemia results 
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in others cannot be stated. Tiie differem results seem to represent wia- 
tions in tlie speed of the process, in the size of the arter>' invohetl. and 
in the extension of the thrombus. In periarteritis nodosa, thrombosis oc- 
curs, but usually the process is one of days rather than hours. Howes er, 
it seems advisable to include this disease in my classification. Mjcotic 
arteritis, or the effect of bacterial toxins on the walls of arteries, appears 


TABLE I 

The ETioLOGtc\L Classific^tio.x of Sudden Arterial Occlusion fALurs) 


1 

^ Murat and aoitir valmliiic 

1 

i Itacterial: 


' .\oite 

/ 

1 Subacute 

1 

LMairal ihmmbovit 


^ Failing heart fmm any raiive 


iicgvnentite 

( Traumanc 

Hrinatogcnic 


Ligation and severance 
Miscellaneous 


Throtigh patent foramen osalc 

i Miml ihromliosls: 

Aneur^-sm 

AneriosclertKis 

Trauma 

Inflaminaiion 

Thromtxangiiiis obliterans 

t’ertaricriiis nodosa 

M)«jjic arteritis (sesert {nteciions) 

Ssirgial 
Cervical nb 
F.xienul trauma 
Cunsliot and stab wounds 
^ Tliromliophilia 

/Scpticcntia. peritonitis, pneiiinonia. etc. 


to account for sudden occlusion occurring in sescre infections such as 
septicemia, pneumonia, peritonitis, and more rarely in such conditions 
as tuberculosis and influenza. There may be an additional factor of in- 
creased coagidability of the blood; hence, this type of sudden arterial 
occlusion is classified likewise under thrombosis of hematogenic origin. 
In generalized infections, such as septicemia, the original lesion is. ap 
pnrenth. inflammation of the arteries which leads to thrombosis, .\rtcrio- 
sclerosis of the arteries of the greater circulation causes thronilxisis by 
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roughening of the intima or projection of 'iiheromatous plaques into the 
lumen of the artery As m thromixxingmis obliterans the fiml stage of 
occlusion IS ah\a)s thrombosis and similarly evidence is not at hand to 
explain uh) the symptoms are of sudden onset m some cases and gradual 
in others Onl) about ten per cent of cases of arteriosclerosis obliterans 
are cliaracterired b) sudden occlusion Thrombosis ma) Jikeuise occur 
as a result of external trauma such as that uhich occurs as a result of large 
cenical ribs gunshot and stab uotinds and as a sequel to setere injury 
to ail extremity or unusual effort The latter factor ma) produce throm 
bosis by causing projection of a calcareous plaque into the arterial lumen 
One of the most interesting causes of sudden arterial occlusion is 
increased coagulabilit) of the blood or thrombophilia a syndrome ishich 
his been described by Nygaard and Brown who reported fise cases Ac 
cording to these authors tlie characteristics of this condition are sudden 
occlusion of large arteries and veins of apparently normal subjects ab 
sence of the usual clinical features tliat characterize the chronic occlusive 
arterial diseases and embolism minimal pathologic changes in the in 
volved vessels changes in coagulation of the blood occurring during 
episodes of thrombosis and multiple areas of thrombosis which are not 
ordinarily observed in other diseases characterized by thrombosis 

Sudden occlusion of arteries of the extremities may occur following 
operations during which the mam arteries are not apparently injured 
Perhaps it results from extension of thrombi into the mam arteries from 
smaller branches This is not always a possibility however as is evidenced 
by a case of sudden occlusion of the arteries of the left arm following re 
section of the stomach for carcinoma In this specific case m which the 
patient vvas a vvoman 65 years old it was assumed that the slowed blood 
stream subsequent to partial immobilization of the extremity following 
operation led to the deposition of a thrombus on a sclerotic mural plaque 
Naturally causes effective at any time may cause sudden occlusion fol 
lowing operation Malignant cells may invade arteries and may possibly 
cause occlusion of the arteries of the extremities I can offer no direct 
evidence of this although the process has been described in the pul 
monary arteries by Greenspan In two of the cases mentioned in this 
report there was an associated extensive malignant involvement of ilie 
pelvic structures Tliesc instances of sudden occlusion of ariencs of un 
certain origin are included under the term miscellaneous 
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The determination of the exact cause of sudden arterial occlusion is 
not aluajs easy When disease of the heart is present, and particularh 
if It IS associated tsith disturbances in rhythm, sudden occlusion of the 
arteries can usually be attributed to an embolus from the heart When 
It occurs in the presence of characteristic evidence of thromboangiitis 
obliterans or arteriosclerosis obliterans such as antecedent symptoms of 
these diseases and evidence of slow occlusion of arteries in other extrerai 
TABLE II 


The Causes of 100 Cases of Sudden Arterial Occlusion 



Embolism* 

Thrombosis* 

Heart disease 

41 


Pelvic carcinoma 

2 


Patent foramen ovale 

1 


Artenosclerosis 

1 

32*’ 

Operation for cervical rib 

1 

0 

Thromboangiitis obliterans 


4 

Following operations 


8t 

Ligation 


I 

Infection 


St 

Cervical nb 


1 

Indeterminate 


3 


• Not always abiolute dagnosis 

••Diab«lej m five cases Twenty patients had symptoms previously of arteriosclerosis 
obliterans Disease of the corotury arteries with or viitLout decompensation or arrhythmia 
present in 21 cases Arterial elusion in some instances was probably due to emlxlism bul 
the diagnosis of tlirombosis was made in all cases 

+ Caranoroa of cervix in one rase hysterectomy in iv o division of postisior root of filth 
cranial nerve in one carcinoma of colon in one amputation of cervix in one herniotomy in 
one resection of stomach for carcinoma in one 

J Malaria influema osteomyelitis one case each peritonitis in two cases 

ties, and the absence of other obvious causes, sudden arternl occlusion 
can safely be attributed to thrombosis occurring as a part of die diseises 
mentioned It is when no obvious cuise exists that difficulty is encoim 
tered in explaining the situation Then the best one can do is to hazard 
a guess after all available information is considered rortunately, me 
determination of the exact cause is secondary to muonal treatment of the 
diminished blood supply resulting from the occlusion The various 
etiologic factors in our cases are summarized in Table II 

SYMPTOMS 

It is a common belief among physicians tint sudden arterial occlusion 
IS characterized at onset by an abrupt attack of excruciating pain Tint 
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this IS true in some cases cannot be denied but my daui indicate un 
equivocally that the s)mptom mentioned is an inconstant companion 
of sudden arterial occlusion I wish to stress parenthetically that it is 
dogmatic adherence to this old criterion of arterial embolism or throm 
bosis that contributes to inadequate or inaccurate diagnosis and the poor 
treatment uhidi iniarjablj follons The diagnosis of arterial occlusion 


TABLE HI 

The Symptoms of Sudden Arterial Occlusion 



Emboltsm rases) 

j Thron hosts {o4 cases) 


Symploms ocatrred acutely ta 

\ Symptoms occ 

rred act lely in 



cases* 

Syn ptoms 

Subaci lely <1 

1 2^* cases** 

S bacutely t 

n SO cases** 


Total 

First noted 


First noted 


Casts 

Coses 

Cases 

Cases 

Pam 


' 22t 

42 1 

32 

Numbness 

19 

s 1 

22 1 

8 

Coldne<s 

14 

6 

23 

3 

Tingling 

S 

0 

0 

0 

Tendernes. 

2 1 

0 i 

I 1 

0 

Cramps 

1 

1 

3 1 

3 

Itch ng 

1 1 

1 

0 

0 

Pallor 

2 

2 

11 

1 

Bum 

0 

0 

3 ' 

1 

Fullness 

0 1 

0 

4 j 

0 

Unkno>v'nJ 

6 1 


6 



• \CTy su Idenly 

•• Developed in one to fye hours 
f Acutely in 17 cases 

* Pal enis in coma or symptoms not noted 

IS eas) ivhen gangrene is obvious and ii is tlien equall) futile Diagnosis 
must be made early This necessitates a hnouledge of the early symptoms 
of sudden arterial occlusion for suspicion that it exists must encourage 
the examination which permits the diagnosis 

In 47 per cent of our cases (Table III) the symptoms ap/>earcd sud 
denly and reached their maximal intensity quicU) in the remaining 
cases the deselopmcnt of symptoms av as gradual requiring from one hour 
to seaeral hours to reacli a full deaelopnient These figures emphasize 
the fact that the symptoms of sudden arterial occlusion do not always 
occur abruptly In only 54 per cent of cases was pain the initial symptom 
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On the basis of these data, sudden arterial occlusion s\ou!d be suspected 
in onl> about half of the cases in tiliich it liad occurred if nijrupt puti 
was considered the onl) sjmptom of imjtortance. Numbness, coldness 
and tingling may be paramount s)niptoms, cither occurring singls or 
in sarietl combinations with pain and \sitli each other. I^ss of muscuhr 
power, amounting in some instances to total paresis, is rarely noictl !)\ 
the patient. This is due apparently to the natural tendency to immobili/e 
a painful extremity. I do not know dcnnitely the explanation for the 
\aried symptoms noted, but it is probably intimately linked with tlie 
suddenness and extent of the organic occlusion and the degree of arterial 
sjxasm associated with it. 

There is \ery little of importance in the general syntj>tomatolog\. 
When serious organic disease exists, such as \al\ular heart disease associ 
aied a\ith decompensation, for example, symptoms of it dominate the 
(linicnl picture Indisiduals wlio are not seriously ill jireviously man! 
Test sarying degrees of tachycardia and anxiety. The body temperature 
IS rarely significantly altered. When severe pain exists the facies arc 
drawn and pallid; perspiration may be profuse. 

Interpretation of Symptoms: All but one of the symptoms and 
findings observed in sudden arterial occlusion arc of obvious origin. Pul 
saijons are aiiscui because the artery is occluiled provimallv. Coldnevs 
of the extremity is due to diminislied arterial circulation. Diminution 
or loss of sensory perception and motor power arc manifestations of 
ischcnu.i of nerves and muscles. The pain vvhich supervenes when tissue 
IS m ilic process of disintegration is similar to that noted in death of ihsiie 
from many causes The symptoms of ischemic neuritis described by Gold- 
smith and Brown are due to degenerative changes in the nerves resnhhig 
from isc/iemra The cause of (he pita c/i.u jpffc.ifs sitch/cn/t hi a sacrc 
form, in many instances as llie first manifestation of arterial occlusion, is 
more tlifTiculi to explain ^Vhy is it that slow occlusion of large arteries 
may occur without pain, a situation well demonstrated by widespread 
arterial occlusion in ihrombo.ingiitis obliterans and arteriosclerosis ob- 
literans, whereas one of the chief svmptoim of sudden arleri.il oschisiou 
IS pain^ For some time we have felt that ischemia following sudden ar- 
terial occlusion was too profound to be causcrl by the organic txdusion 
•alone 
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It seems unreasonable to m tint sudden ocdusjon of the popliteal 
arier> for example should cause gangrene m about half the cases when 
we frequenti) see individuals wath chrome occlusion of the popliteal 
arteiies \ Jthont an} gieat degree of impairment of tlie arterial circulation 
There seems to be a factor contributing to the ischemia in addition to 
simple interruption m the tontinmt} of the lumen of the artery Alvva>s 
when I have observed patients with sudden arterial occlusion wliose pain 
has begun abruptl} I have been dissatisfied with our explanation of the 
cause of the pain namely ischemia Recently I have believed that the 
pain and profound ischemia were caused in a large degree by arteiial 
spasm This is supported by observations by other investigators Seifert 
and others have obseived arterial spasm in the involved artery during 
the operation of embolectomy After observation of jxments witli aiterial 
embolism Seifert concluded that the severe pam was due to arteiial 
spasm In a study of experimentally produced embolism Cosset Bertrand 
and Patel observed that the embolus was fixed at the point of lodgment 
by arterial spasm They observed likewise that the lowered teinperaiine 
of the extremity m which a main artery had been occluded by an embolus 
wasgntlually replaced by normal warmth a few hours afterward indnect 
evidence that the original diminution in warmth v\as due to arterial 
spasm vihich lelaxed m tlie course of a few hours toallovv normalwarmih 
to return to the extremity Denk wais so impressed by the probability 
that arterial spasm contributed to the diminished arterial circulation 
that he administered papaverine hydrochloride which is an antispas 
modic as part of the treatment of sudden arterial occlusion The lesults 
were good Herrmann and Reui have shown that alternate suction and 
pressure applied to an extremity which has sustained sudden occlusion 
of the mam ai tery result lu marked improvement of the circulation 
Since the procedure does not influence the occluded area itself it must 
act by relieving spasm and inducing a greater flow of blood through in 
adequately dilated collateral arteries 

The best observations on changes in temperature of the cxiremiiv 
following experimental ligation of the external ihac artery are reported 
by Mulvihill and Harvey Following the procedure mentioned the tern 
perature of the leg was reduced to the level of that of the room m two 
to SIX hours after a reduction of 55 to 165'^ C (10 to 30° F) This 
temperature persisted foi several hours then there v\as a gradual or rapid 
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increase, so iliat in an average of about 13 hours after ligation of the 
artery the extremity ^\as again as svarm as before the operation uas f>er- 
formed. If s>mpathectom> nas performed uhen the temperature of the 
foot i\as low, there uas an immediate increase in u-armth to a temjicraiurc 
lesel equaling that before ligation ocatrred. If s>-mp3tlicctomv prccctled 
ligation, no decrease in temperature occurred follouing the last pro 
cedure. These experiments offer uncquisocal evidence that the decrease 
in temperature follouing ligation is due to a vasomotor mechanism. One 
cannot sa> that this vasomotor effect is characterized by active spasm or 
inadequate vasodilation. This observation is of some importance as 
active spasm might uell be associated with pain, uhereas it is diflicult 
to conceive that a passive state of inadequate dilation uoultl be. Herein 
nia> be the explanation for v.ar)ing degrees and ijpes of pain follouing 
various t)pes of sudden arterial closure. 

Statements concerning the origin of the severe pain follouing arternl 
embolism arc based to a large extent on logic rather than knovat f.icis. 
If ue assume that the lodgment of the embolus and the severe fxnln occur 
ncarl) simultaneously, uc know of no other mechanism than arterial 
spasm uhich effects profound ischemia to account for the distress. Seifert, 
who has given this ])hase of the problem consideration, btlicvct! this 10 
be ihc case and relates tuo tspericnccs to sijpi>Drt his comention: A 
woman, aged .J4 years, uas afllictcd suddenly with evidence of occlusion 
of the axillary artery; the p.ain affected tl»c entire area from the middle 
of the arm distally. Five hours later the pain suddenly changed, so that 
It involved only the extremity, from the junction of the middle and upj>er 
thirds of the forearm clistallv. At oj>cration no embolus uas found in 
the axillary artery; amputation was iicccvs.ary and the cmliohis vms found 
in the cubital artery. Seifert believed the change in the location of the 
pin uas due to a shift of the embolus to a more distal pultlon. In the 
case just mentioned and in another, pin dis.apj)carcd after aricrhnoiiucs. 
although gangrene suprvc'ncd and amptil.'ition uas necessary. Seifert be- 
lieved that the relief of pain was due to the tlisappcarancc of spasm He 
punted out that sudden occlusion of an artcrv alone cannot be Tcsj>on 
sible for the pain observed in emlxilism, since ligation uas often neccsviT' 
for war injuries, yet the typ of pin uhich occurs in arterial endwlism 
vs-as usuallv absent. 
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The probability that arterial spasm is responsible for the pain in 
embolism either directly or as a result of the ischemia it produces is so 
logical and fits so v.ell rrith recorded obser\ations regarding suddenness 
of onset, severity, and the difficulty of localizing the pain that we beliete 
there is a distinct cause and effect relationship. Unfortunately, no obser- 
vations based on direct visualization are available to indicate the extent 
of the spasm Howe\er, the experimental work of MuUihill and Harvey 
indicates a widespread localization belmv the point of occlusion, since 
interference with the circulation is so gfreat that the temperature of the 
part is reduced to that of the room in which the experiments were per- 
formed. 

The duration of symptoms after sudden arterial occlusion is variable 
If maiked vasodilation is induced soon after the onset, the symptoms may 
be relieved promptly and completely, as reported by Herrmann and 
Reid, Denk, and Allen and MacLean, who used intermittent suction and 
pressure and papaverine If these methods are not used, the major svmp 
toms may disappear in from 24 to 72 hours. This cessation of symptoms 
may indicate eventual recovery or eventual gangrene. "W^hen gangrene 
is definitely established, tlie symptoms are ordinarily mild In cases in 
uliich sudden arterial occlusion does not lead to gangrene, the symptoms 
due to sudden occlusion may merge imperceptibly into those of ischemic 
neuritis, described by Goldsmith and Brown. The pains tend to be 
paroxysmal and set ere and to coier large areas, which do not correspond 
to any definite nerv'e distribution They may persist for weeks or montlis 

Even when ischemic neuritis does not occur there are ordinarily 
some evidences of residual impairment of circulation, such as vasomotor 
changes, coldness, intermittent claudication, hyperesthesia, and so fortli 

DIAGNOSIS 

The incidence of diagnosis of sudden arterial occlusion parallels 
roughly the suspicion by the pliysician th.at it exists If one examines 
the extremities for the condition only when severe pain, pallor, and cold- 
ness exist, many cases will be overlooked. As stated in the preceding 
paragraphs, the symptoms arc frequently minimal and bizarre. The habit 
of examining the arteries of an extremity for pulsations when distress 
exists is a valuable one, and the piocedurc should be carried out routinely 
under the circumstances noted. It is an unfaiorable commentary on this 
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phase of diagnosis tint the physical examination often is constdeied com 
plete although no notation is made of tlie state of pulsations in the arteries 
of the extremities A comparable situation uould be failure to examine 
the heart ivhen the patient complains of dyspnea 

The sjmptoms indicati\e of sudden arterial occlusion ln\e been men 
tioned pre\iously The chief findings are absence of pulsation in some 
of the acnl arteries in which pulsations were prenously present lowcied 
surface temperature pallor and the loss oi diminution of reflexes sensa 
tion and miiscuhr strength 

Easily palpable under ordinary circumstances are the bracbnl ndnl 
femoral popliteal dorsalis pedis and posterior tibial arteries Some 
practice is required to feel pulsations in the ulnar arteries of nomial 
subjects In obese subjects determination of the state of pulsations par 
ticularly those m the brachial ulnar popliteal and posterior tibial arter 
les may be more difficult In spite of these difficulties the absence of pul 
sations m arteries which were known or assumed to ha\e been palpable 
preMously is the most important diagnostic sign Obseiwation of this alv 
normality in conjunction with lowered surface temperature and palloi 
of an unusual degree is pathognomonic of arterial occlusion Additional 
findings of hyperesthesia anesthesia or paresis are confirmatory Ther 
mometers are not needed, to determine lowering of the surface tempera 
ture avhich can be estimated with sufficient accuracy by alternately plac 
ing the back of the hand on the normal and diseased extremities 

Thrombophlebitis is the only condition which may be differentiated 
AMth difficulty from sudden arterial occlusion Ordinarily the normal 
temperature edema distended seins and normal arterial pulsations 
obseiaed in cases of thrombophlebitis ser\e as an adequate contrast to the 
loAvered temperaiuTe collapsed xeins and dirmnished or a\>scnt yiwlsa 
tions in the arteries in cases of sudden artenal occlusion Howescr we 
ha\e obseiaed that artenal pulsations may be absent temporarily in 
phlebitis apparently as a result of spasm Pallin obsersed such an occur 
rence during operation for supposed embolism He obsersed that the 
femoral \em was thrombosed and that the femora! artery was occludtd 
by spasm In sudden arterial occlusion the seins may be distended usu 
ally after many hours have elapsed as a result of secondary venous throm 
bosis Under such circumstances close attention must be given to the 
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niwle of onset and the knoun possibilities of embolism. In rare instances 
the diagnosis may not be clear until many hours ha\e elapsed. 

Localization of the embolism is usually not difiicult and is of im- 
portance only when embolectomy is contemplated, or from a prognostic 
standjioint. Knowledge that emboli usually lodge at bifurcations, owing 
to the fact that the emboli will lodge at a point where the caliber of the 
artery is suddenly reduced, is of importance Palpation is likewise of pri 
mary value in localizing aieas of sudden arterial occlusion. The point 
of sudden arterial occlusion is just distal to the area where normal 
pulsations are noted Unfortunately for extreme accuracy the anatomic 
arrangement of arteries does not allow p-alpation of them throughout 
their entire conise. Extreme tenderness oxer the area of occlusion is not 
uncommon The line at xxhich the temperature of the skin changes from 
loxv to normal is likewise of importance, and it can be determined by 
passing the back or side of the hand proximally from the distal portion 
of the extremity. This line is located roughly just above the ankle in 
occlusion of the popliteal artery, and at the juncture of the lower and 
middle thirds of the thigh m occlusion at the bifurcation of the femoral 
artery. ^Vhen the common iHac artery is occluded, the point is located 
at about the juncture of the middle and upper thirds of the thigh Similar 
relationship of the location of the embolus and the line of sharp change 
in temperature is obserxed in the iippei extremity. Diminution or loss 
of motor power and sensation, xvhen it occurs, is ordinarily distal to the 
line of shaip change in the temperature of the extremity. 'When arteiies 
are paired, as the radial and ulnar oi dorsalis pedis and posterior tibia] 
.11 teries are, occlusion of one of them may produce only minimal ch.mges 
in temperature, color, and so forth, as the companion artery continues 
to cairy blood to the distal parts. Om data legardmg arteries and ex- 
tremities inxoixcd are summarized in Table IV. 

THE COURSE OF EVENTS IN SUDDEN ARTERIAL OCCLUSION 

All cases of sudden arterial occlusion Iiaxe one common factor, inter- 
ruption of continuity of the arieri.il lumen In many instances, par- 
ticularly xvhen pain occurs suddenly and is sex ere, it appears that arterial 
sp.ism is present In otlier instances the colkiieral arteries fail to tlilate 
adequately enough to alloxv sur\ixn! of the limb When pain is minimal 
and the diminution of the blootl supply is not marked, it appears th.it 
spasm is absent and circulation throii^i colkitenil arteries is .adequate 
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If the mere occlusion of the artery pla)s a minimal role in the diminution 
of blood supply, tvhj should not all extremities survive, since the experi- 
mental work of Mulvihill and Harx'ey, and of Cosset, Bertrand, and 
Patel, indicates tliat additional diminution of blood supplj effected by 
spasm or inadequate dilatation of collateral arteries is temporary and 

TABLE IV 

The Arteries and Extremities Affected in 100 Cases 
OF Sudden Arterial Occlusion 
Artenes Involved, Cases 



Embolism 

Thrombosis 

^orta 

1 

0 

Iliac 

2 

1 

Femoral 

18 

19 

Popliteal 

23 

21 

Posterior tibial 

S 

3 

Anterior tiblal 

0 

' 1 

Dorsalis pedis 

I 0 

1 2 

Axillary 

0 


Brachial 

8 

8 

Radial 

0 

1 

Ulnar 

1 

2 

Digital 

1 

0 


Extremities InvoSned, Cnies 



corrected in a few hours’ We cannot answer definitely, but I'e beliete 
that ischemia effected by arterial spasm or inadequate dilatation of col- 
lateral arteries, if prolonged, produces changes in the intiraa of arteries 
and \eins, which in turn produce widespread \ oscular tlirombosis in the 
extremity when the spasm abates or dilatation of collateral arteries occurs 
The diminution of blood flow is brought about, then, by organic changes 
alone, as tlie functional element lias disappeared. It is true that venous 
thrombosis is an almost constant accompaniment of sudden arterial occlu- 
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Sion terminating imfa\orabl) This conception serves to emphasize the 
need for prompt treatment either medicil or surgical when sudden ar 
ternl occlusion occurs since delays maj lead to extensive thrombosis 

PATHOLOGIC CHANGES FOLLOWING EMBOLISM 

An excellent experimental stud) of this subject Ins been presented 
by Cosset Bertrand and Patel Animals were killed one two tliree 
four five SIX seven and eight days after embolism was produced ex 
pennientall) and the arteries at the site of occlusion v^ere studied 
Septic emboh contained and were surrounded by bacteria ‘>4 hours 
after embolic occlusion The musculature of the artery was affected 
by hyaline degeneration and severe mflararaation vvas present in the 
adventitia The following observations pertain only to occlusion by 
aseptic emboli At the end of the first day the internal elastic lamina 
had lost Its undulating character and the musculature bad the 
appearance of aseptic necrosis At the end of the second day hem 
orrhagic infiltration into the perivascular fatty tissue was noted in addi 
tion Twenty four hours later the periphery of the clot was fibrinous 
in nature and infiltrated witli polymorphonuclear leukocytes and pig 
mented macrophages the endoiheluim had disappeared largely and the 
muscle fibers for the most part had disappeared Subsequent observa 
tions showed chiefly organization and fibrosis These investigators be 
lieved that the changes noted were due in part to interference with nutn 
tion of the artery as a result of its distention by the embolus 

PROGNOSIS 

The outcome in cases of sudden arterial occlusion leaves mucli to be 
desired In my series of 57 extremities in which sudden arterial occlusion 
occurred as a result of embolism gangrene supervened m 26 instances 
or 45 per cent In 31 of 60 extremities in which sudden arterial occlusion 
occinred as a result of thrombosis gangrene supervened an incidence of 
50 per cent (Table V) One may say then that gangrene occurred in 
about half of all cases of sudden arterial occlusion Admittedly the treat 
ment of these patients v\as not the best according to my present under 
standing of the events whicli occur in sudden arterial occlusion My onh 
excuse for the poor lesults is that the treatment was the conventional one 
at the time tlie patients were observed More modern therapy sliould 
be productive of a much greater incidence of recovery Denks report 
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of reco^er) in seven of ten cises* as a resxilt of the use of papaverine 
and Herrmann and Reid s report of recover) in all of ten cases as a result 
of treatment with alternating positive and negative pressure, indicate 
more logical therap) and hold out hope that the figures in our senes 
ma) be greatl) improved in future cases of sudden arterial occlusion 
It IS of some interest that m m> series the ultimate outcome could be 
predicted 24 hours after the onset of occlusion in about 80 per cent of 
cases of embolism and in onl) about 50 per cent of cases of thrombosis 
This IS as expected since thrombosis ma) be progressive and embolism 
IS ordinanl) a single concise event M) data do not allovv delineation 

TABLE V 

The Final Result in 100 Cases of Sudden Arterial Occlusion 

46 OSes of embolism imoWing 57 cxircm ties 51 cates of ihrombmit in\olting60c\irem ii« 

Can^ene 26* Can|Tene 31* 

12 ampuut oni \ ub 5 poseoperatitc deaths 15 ampuiatiom t iih ' pottoperalite deaths 
12 deaths t ithout amputation** 14 deaths uiihoui amptiuiion** 

Recover)t 31* Recoser>J 

Death Miihout gangrene in three cases Onedeaih t itl o 11 gangrene 


• Applies to number of excremmes insohed 

** In (MO cases imo estremities insohed 

I Residual signs of arterial insuflkiencs' in mans c&scs 

• I s one case ts o exiremiiles insohed 

of manj of the factors determining prognosis Age is important Of 
patients more than 60 )enrs of age with embolism gangrene supervened 
m 73 per cent and of patients more than 60 )ears of age with thrombosis 
gangrene occurred in 83 per cent The respective figures for patients 
less than 6o)ears of age were 32 percent and 42 percent This is likewise 
expected since older patients have less vitalit) and the abiht) of col 
lateral circulation to develop is appareiitl) inferior Moreover atherom 
atous changes are extensive and encourage progressive thrombosis It 
IS our impression that when one of two companion arteriesf is involved 
the chances of recover) or of minimal degrees of gangrene are greatl) 
increased The condition of the patient is important This is not defi 
nitel) worth) of emphasis as far as recover) of an extremit) is concerned 
but chiefly because of the possibilit) of death from odier causes such as 

• In W o caw m « Inch Che rcsulls neielnd theoccim ont old and irremediable damage 

had already been done , . . j . 

f Examples of companion arteries are the lad at and ulnar arier cs and che dorsalis pw s 
an 1 poslerior tibial arteries 
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IS present in cises of cardnc decompensation and because of the possi 
bilit) of further embolism either to the extremities oi more vital struc 
tures It is appaient that the probabilities of survival of the patient arc 
less when he suffers arterial embolism from a decompensated aiTh)thmic 
heart tlnn if he sustains thrombosis resulting from arteriosclerosis An 
othei impression gained from our data is that thrombosis particular!) 
tint due to arterioscleiosis produces lesser areas of gingrene tlnn em 
holism does It is to be hoped tint future studies will allow concise and 
accurate delineation of the factors imjiortant m a prophetic wa) 

TREATMENT 

There can be no leasomble doubt that a great man) patients with 
sudden arterial occlusion are poorl) tieaietl One frequentl) sees the 
extremit) elevated and surroundetl b) hot water bottles Both procedures 
aie ill advised Elevation diminishes somewhat the How of blood to the 
CNtremit) and the direct application of heal nn) cause burns winch con 
tribute to the difTiculi) Barker Ins shown man) times tint tissue de 
prived of us normal suppl) of blood is exiremcl) sensitive to thermal and 
chemical agents which aie well tolerated b) normal extremities No 
trealnieitt al nil ts bcller than <levattuz the exlrrmtiy nud iiirrowndnig 
il mill hot uater bottles 

It is 6e)ond the scope of this presentation to consider the surgical 
treatment of arterial embolism mmel) embolectom) This phase of the 
subject Ins been adequatel) reviewed b) Danzis Allen and Pemberton 
The recent papers of Herrmann ind Reid Allen and Maclean and Denk 
emphasize tint embolectom) ma) soon l>e considered an unnecessar) 
procedure as excellent results nn) follovv simplei measures However 
if circulation has not been marked!) restored after three or four hours of 
intensive medical treatment embolectom) should be considered The 
surgeon nn) produce astonishing results even after medical treatment 
Ins failed 

Thei e are three imjjortant don is in the treatment of sudden artci lal 
occlusion Don t deli) treatment foi more tlnn two or three hours don t 
elevate the extremit) and dont subject it to heat which exceeds b\ 
more than a few degrees the tera|>eralure of the bodv Dela)e(l treatment 
means a poor prosjsect of recover) in those instances iii which recovery 
would not occur spontaneous!) Until the cuitom disaji/ienu enlireh it 
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cannot be empliasred too frequently that tissue deprived of its normal 
blood supply does not tolerate heat uell Hot uater bottles are frequently 
of a temperature which exceeds 6$ 6° C {i$o° F) and uill almost tn 
variably provoke burns if allowed to come contact with the skin I 
believe that not uncommonly, recovery would have occurred if burns 
had not resulted from hot uater bottles 

Continuous intravenous infusion of appropriate amounts of heparin 
sliould be begun at once is The time for coagulation of the blootl 
should be kept as nearly as possible at three times normal This serves 
to prevent extension of thrombosis and to prevent the thrombosis i^hich 
may occur after operation if cmbolectomy is performed Treatment with 
heparin should be continued until recovery or until gangrene is inevita 
ble If successful operation is performed treatment with heparin should 
be continued for several days 

Opiates should be given immediately to control pain as m myocardial 
infarction The ingestion of alcoholic dnnks is ordmanly of great benefit 
in this regard apparently because alcohol is an antispasmodic as showm 
by Brown and Cook as well as an anodyne The extremity should be 
wrapped in cotton which can be held in place with a roller bandige to 
preserve the natural warmth of the extremity A cradle open at one end 
containing not more than one or two bulbs may be placed over the 
extremity The temperature of the air about the limb should not exceed 
405* C (105“ F) The extremity should be placed in a dependent 
position ^Vhen the legs are involved the bead of the bed should be 
elevated when the anus are involved the patient should be in the semi 
sitting position Vasodilators should be given to relieve arterial spasm 
if present Papaverine hydrochloride which is a vasodilator when given 
intravenously or into the artery proximal to the area of occlusion in 
amounts of 0032 Gm (i^ grain) will produce improvement in the 
circulation of the limb within a few minutes if it is effective at all Care 
should be taken that the solution of papaverine is physiologically active 
If the first injection does not cause improvement it is questionable that 
further trial with this drug will benefit the circulation Denk who 
originated this type of therapy reported ten cases in which patients were 
treated wath papaverine One failure was unexplained and two were due 
to the long period elapsing between the onset of embolism and treatment 
Improvement in the seven remaining coses was satisfactory Allen and 
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MacLean reported impressive improwmem in one extremity and none 
in the other in a case in rvhich the arteries oE both extremities tverc 
occluded suddenly. If improvement follows use of papaverine, the injec- 
tion can be repeated whenever there is evidence of failing circulation to 
the extremity. The temperature of tlie environmental air, that is, the 
room temperature, should be kept at about 32.2° C. (90® F.) . Hot packs 
may be applied continuously to an e.vtremity not involved or to the 
involved extremity proximal to the embolus, as both procedures should 
produce vasodilation. Intermittent venous occlusion may help. An 
ordinary sphygmomanometer cuff placed well proximal to the site of occlu- 
sion may be alternately inflated to diastolic blood pressure and deflated, 
at two-minute intervals for several hours. The Sanders oscillating bed, 
which performs postural exercises for the patient, may help, particularly 
if treatment is carried out in a \\'arm room. Short wave diathermy may 
produce vasodilation. Electromagnetic induction by means of a cable 
arranged in a pancake formation over the lumbosacral area is a superior 
method. 

The use of intermittent negative and positive pressure, as described 
by Herrmann and Reid, has been very sttccessful in their hands and 
should be used if a machine Is available. On the assumption that one of 
the chief requisites for a favorable outcome is the induction of collateral 
arteries to assume a heightened function of transportation of blood, spinal 
anesthesia may be tried when tlie lower extremities are involved, as 
Emmett has shown that this procedure produced maximal v’asodilation. 
Brachial plexus block may produce similar effects in the upper extremi- 
ties. General anesthesia may be used, if the condition of the patient per- 
mits, for the same reason that spinal anesthesia may be of value, as Craig 
and Horton have shown that general anesthesia produces maximal vaso- 
dilation. Sympathectomy likeivise produces maximal vasodilation, as 
shown by Brotvn and Adson, Baltics, Herrick and Essex and is of value in 
sudden arterial occlusion, as shown experimentally by Mulvihill and 
Flarvey; but ordinarily, the condition of the patient does not warrant 
such a major operation. If the procedures outlined, e.xclusit’e of sympa- 
thectomy, do not produce a rapid improvement in the circulation, surgi- 
cal remoxal of the clot should be considered when occlusion is due to an 
emhohts. As in the treatment of diabetic coma, constant attendance of a 
physician is required until the situation is relieved or the unfortunate 
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outcome is definitel) established This dui) cannot be delegnied to mines 
or relatises judiaous!) If die diagnosis is made promptlj and die treat 
ment outlined is carried out i\ith celeritj and constant attention s\e 
beUe\e the results smU be much better than the) are s\hen less Taiioml 
or haphazard regimens are earned out, 
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THROMBOPHLEBITIS 

By Nelson W B\ru:r MD 

Under the teim thrombophlebitis jie included i number of diffeient 
diseases of the seins tvluch produce a iither wide Ninety of chnicil 
phenomena but which exhibit the coinmoii pithologic lesions of throni 
bosis and Mrying degrees of innimmitor) change in the Nanous cons 
of the wall of the Nein It is extremely rare to find a phlebitis wiilioui 
thrombosis except as a part of some more Nvidespread mflammatory 
lesion Equally rare is senous thrombosis that does not produce some 
mflimmatory change in tlie wall of the vein at some stage of its e\olutJon 
or inNohition 

ETIOLOGY 

Although a great deal of work Ins been done on the subject our 
knoNvledge concerning the causation of many cases of thrombophlebitis 
IS still \ery imperfect Three liypoiheses In\e been e\ol\ed (t) That 
the primary disturbance lies in some lesion of the wall of the rein gi\ing 
rise to both the inflammatory changes and to the intraviscular throm 
bosis (2) that the thrombosis is primary and is produced essentially by 
stasis of the blood stream and adherence of platelets to the intimal coat 
and tint subsequently there is an iiinaniinaioi'y reaction in the wall of 
the NCin to the thrombosis (3) that a similar chain of e\ents follows 
a# primary thrombosis but Uni Uie Uirombus occurs as the result of 
alterations in the physical properties or clienncal constituents of the 
blood itself Clinical obsenitions on the Nanous types of throinbo 
phlebitis in different cases haae been used to support each of these tliice 
hypotheses and it is quite possible that each mechanism may be the sole 
or predominant factor in ceitam cases It is also possible that a com 
bination of all three factors may be necessary to produce the lesion in 
oihei cases Experiments on animals InNC not shed much light on the 
subject because it is Nery difTicuU to pioduce experimental thrombosis 
in animals and obsenniions on Uirombosis in blood flowing through 
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extracorporeal chambers introduce ftctors that may not exist when the 
blood flows through the human veins The) do suggest however that 
the deposition of platelets may be a primary factor in certain types of 
thrombophlebitis 

From the clinical standpoint one may divide the various types of 
thrombophlebitis into four groups 

I Local that is attributable to known direct chemical mechimcil 
infectious or suppurative trauma or occurring in diseased veins such as 
varices In this group the evidence hivors a primary lesion of the wall 
or intima of the vein as the essential factor 

A Chemical Thtombophlebtlts The most outstanding example of 
this condition is the thrombophlebitis produced as the result of the 
injection of various sclerosing solutions into varices These solutions 
produce injury to the inttmal coat which is followed by thrombosis and 
phlebitis Solutions commonly used are sodium morrhuate sodium 
ncinoleate quinine and urethane and hypertonic solutions of glucose and 
of sodium chloride A similar type of thrombophlebitis may occur 
accidentally as a result of intravenous injection of various drugs and of 
solutions used in diagnosis It has been observed following the injection 
of the mercurial diuretics the various arsenicals bromsulfalein the 
iodides that are used m excretory urography and slightly hypertonic 
solutions of glucose and sodium chloride Sensitiveness of the intima of 
the veins to these chemical solutions vanes in different individuals The 
lesions of chemical thrombophlebitis are usually fairly well localized 
although they may extend a considerable distance both distally and 
proximally from the site of injection 

B Mechanical ThrombophlebtUs Under this category are included 
those types of thrombophlebitis that follow gross mechanical injury and 
originate at the site of the injury The thrombophlebitis may extend a 
considerable distance from this point A special type of traumatic throm 
bophlebitis is the so called axilhry Uirombophlebitis caused by strain or 
effort a comparatively rare condition seen usually in the right arm of 
young to middle aged healthy men It follows definite although some- 
times minimal trauma to the axillary vein due to muscular effort with 
the arm m the abducted position It has been suggested that rupture of 
the subclavian axillary valve is responsible 
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G Local Inflammatory Thrombof hlebilts In this group can be 
included a large number of lesions usually of tlie smaller \eins or \enules 
svhich ocCTir as part of inflammator) lesions asithout suppuration Throm 
bosis may occur in sailing degrees but the lesions are rarel) extensile 
and can be considered more as a part of the inflammator) disease than 
of a true thrombophlebitis Such lesions are seen in association avith 
er)thema nodosum tuberculosis and tuberculids gummas and man) other 
inflammator) processes of known and unknown origin 

D Suplmrntive ThrombophlebtUs Tliese lesions occur as the result 
of maohement of the avail of a \ein bj a seaere suppurative disease 
Subsequent!) an innammatory infectious thrombus is produced this 
contains bacteria which are discharged into the blood stream and produce 
septicemia and p)emja Such a lesion is aluais serious and ma) threaten 
life from dtssemmation of the bacteria and the development of metastatic 
infection A typical example is the stippuiative thrombophlebitis of the 
jugular vein occurring as a complication of suppiiratne mastoiditcs 
Suppurative thrombophlebitis is also seen in the portal vein and occa 
sionall) in the iliac veins or then branches as a result of intraabdominal 
infections hen suppurative thrombophlebitis is present there is usually 
a high fever of the septic type winch may be accompanied by recur 
rent chills 

C \ ancose TbronxboflhlebtUs Spontaneous thrombophlebitis may 
occur in varicose veins In many cases there is a minor injury to the 
varix or constriction from a bandage or gartei above it Focal or local 
infection may be a factor Histologic siudies of varicose veins usually 
sliow evidence of definite disease of the jiitima as well as the media and 
It IS surprising that spontaneous thromliosis does not occur more often 
In some cases vancose tliromliophlebuis occurs as a complicuion of 
operations cluldbirth and infectious disease Varicose thrombophlebitis 
may remain as a fairly localized condition or extend into other veins 

II Hematogemc Thrombophlebitis Mlienthrombophlebitisoccurs 
spontaneously in patients with blood dyscrasias it seems logical to infer 
that It is caused bv some change in the physicochemical properties of the 
blood and to consider that the thrombus is primary and the phlebitis is 
secondary A number of writers m the nineteenth Centura noted the 
frequency with which thrombophlebitis complicated chlorosis It is also 
one of the commoner complications of polycvthemia vera It lias been 
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obseT^ed in Aanous leukemias and m peinicious anemia jnrtinihrl) 
during the earl) period of actue treatment 

III Secondary (Complicating) Thrombophlebitis This comprises 
the largest group of cases encountered and is tlie group in ivlucli the 
exact causation and pathogenesis of ilie lesion is most obscure In the 
great majority of cases the lesions occur in the seins of the louer extrcm 
ities Since a common denominator of most of the conditions tliat are 
complicated by thrombophlebitis is rest in bed and since it is knonn 
that tins results m slowing of the circulation of the lower extremities 
It IS in this group that many obseiaers have considered senoiis stasis to 
be the primary causatne factor Houever, the other factors such as 
changes in the physicodiemical properties of the blood and local lesions 
of the sein may be equally necessary for the formation of the thrombus 
It remains difficult to understand how thrombophlebitis can be produced 
uiihout some lesion or injury of the endothelium as a starting jwini 
Although baciena hate been cultured from thrombi m certain cases 
their significance as etiologic factors Ins never been established and in 
the majority of instances no patlu^enic organisms have been obtained 
Cases of secondary thrombophlebitis can be divided roughly into five 
gionps 

A Postoperative ! hrombophlebilts This occurs after approxitnaiel) 
one per cent of all operations and afiei approMunicly i 6 per cent of 
operations uhere laparotomy is performed Certain other predisposing 
factors seem to have been definitely established It occurs more commonl) 
in the aged m the obese in patients who have heart disease carcinoma 
active infections or blood dyscrasias (particularly anemia) and m those 
who have varicose veins or who have had previous thrombophlebitis 
particularly of recent origin Operations that have a comparatively high 
incidence of postoperative thrombophlebitis are abdominal hysterectom) 
gastric and intestinal resection and splenectomy Since splenectom) is 
often done because of blood dyscrasias it has been felt that in these cases 
changes m the blood that may occur postoperatively particularly increase 
of the concentration of thrombocytes may be a definite factor Other 
factors that have been considered to play some part in the development 
of postoperative thrombophlebitis are trauma to tributancs of the iliac 
veins particularly during pelvic operations compression of the veins of 
the lower part of the abdomen and upper part of the thighs by tight 
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biiidiges following lapirotoinj, blood tnnsfusions with iniperfectl) 
imiched blood during the posloper»ii\e period, the iutn\enous admin 
istration of hrge amounts of fluids of various i>pes and pressure on the 
legs, particular!) the calves either during operation or during tlie post 
operative convalescence However, these factors will not explain all cases, 
since thrombophlebitis ociasionall) occurs in comparative!) )Oung other* 
wise health) individuals after operations where none of these factors are 
present It is exiremel) rare before pubeit) and comparativel) mrc m 
the second and third decades of life 

B Postliarlum Thrombophlebitis Tins occurs after o 4 to i per 
cent of deliveries There is statistical evidence to show that it is com 
moner following difficult labor, cesarean section and instrumental deIn 
er), also, tliai the incidence is higher in cases ivhere puerperal sepsis is 
or lias been present and in patients who have varicose veins or who are 
obese It has been assumed that mechanical or infectious trauma to pelvic 
veins ma) foim a locus for tfie development of an extending tlirombosis 
hut, as in postoperative thrombophlebitis, it is difficult to determine the 
factors responsible for the lesion in all cases 

C Thrombophlebitis as a Laic Comphcaiiou of Severe Injuries 
This nn) occur at a considerable interval aftei the injur) (5 to 30 da)s) 
in patients who are kept m bed The lesion is often in a large vein quite 
lemoie from the site of the injur) There is some analog) between these 
cases and cases of postoperative thrombophlebitis 

D Thrombophlebitis Comphcatiiii^ Infections Diseases This has 
occurred following almost all t)pes of infection Statistics from a large 
senes of cases have given the incidence in i)phoicl fever as approximate!) 
three per cent and in pneumonia as approximate!) o fi per cent In these 
tv^o conditions it usuall) occurs rather late in the course of the disease 
at least two weeks after the onset and often dming the period of con 
valescence Thrombophlebitis Ins also lieen noted as a complication of 
influenza, acute tonsillitis and phar>ngitis and in these conditions it has 
usuall) appeared relativcl) earl) in the course of the disease, namcl) 
from the second to the fmirleenih da) Other acute and chronic infec 
nous diseases that have been complicated b) thrombophlebitis are p)elo 
nephritis, clironic ulcerative colitis acute ippendicitis, pelvic inflamma 
torv diseases unclulant fever, the cxatitliems and man) t)pes of localized 
infection throughout the bodv While in some of these cases the lesion 
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has appeared after the patient has been it rest for some tune and miy 
be quite asthenic others base occurred so early in the course of the 
disease as to suggest some relation to the infectious process itself or at 
least to the systemic febrile reaction Houeser it has not been possible 
to pro\e that this thrombophlebitis is a metastatic infectious lesion 

E Thrombophlebitis Complicating Nonmfectious Systemic Diseases 
Of these the greatest incidence has been noted in carcinoma and lieart 
disease particularly a\ith congestive failure It has been thought that 
stasis of the blood stream as a result of congestion of the circulation or 
general cachexia has been in part responsible Other diseases in which 
thrombophlebitis has been seen as a complication although rarely are 
exophthalmic goiter diabetes mellitus gout brain tumor and ureteral 
hthiasis 

IV Primary Thrombophlebitis In this group I have placed those 
cases where thrombophlebitis develops in the absence of any knoisn 
injury to the vein where operation has not been performed where 
delivery has not occurred and where there has been no evidence* of mfec 
non blood dyscrasias or systemic disease There are three groups 

A Thromboangiitis ObltUtans Thromboplilebitis occurs in tins 
disease m approximately 40 per cent of cases The causes are still obscure 
and have been discussed elsewhere It may be said that cessation of the 
use of tobacco has been follovved in some but not all cases by cessation 
of the development of furtlier episodes of thrombophlebitis 

B Recurrent Idiopathic Thrombophlebitis (Thrombophlebitis 
Migrans) There are many aspects of this condition vvhicli suggest that 
the lesion is the same as in thromboangiitis obliterans In occasional cases 
followed for long periods arterial lesions typical of thromboangutis oblit 
erans have ultimately developed but m the majority the disease is con 
fined to the veins just as in some cases of tliromboangiitis the lesions 
are confined to the arteries Also large veins are affected much more 
commonly than in thromboangiitis obliterans It has been the opinion 
of several observers that focal or latent infections are common in tins 
condition and their treatment or removal has resulted in cessition of 
the attacks However efforts to culture any organism from the excised 
veins containing acute lesions have failed The disease is predominantly 
seen m men-88 per cent Tlie average age in one series was }o years 
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and 8o per cent o£ the patients were less than 50 years oUl. Twelve per 
cent only were Jemsh. 

C. Idiopathic Thrombophlebitis of the Konrecurring Type: In these 
cases the thrombophlebitis usually im'olves large veins o£ tlie lower ex- 
tremities in patients who are otherwise healthy and in tlie majority of 
instances it occurs .as a single episode. It has many of the same clinical 
features as the secondar)’ or complicating thrombophlebitis. No signifi- 
cant predisposing factors in age and sex have been noted and so far there 
is no clue as to causation. 

Finally, it may be said that in certain individuals there seems to be 
a predisposition for thrombophlebitis to develop under various circum- 
stances. For example, patients have been seen whose veins seem to be 
\er>' vulnerable to chemical injury and tvho have a history of having had 
thrombophlebitis following infectious diseases, operation and childbirth 
at various times. Also, it has been observed occasionally that a number 
of members of a certain family have been very susceptible to primary 
and secondary thrombophlebitis. 

PATHOLOGY 

Knowledge concerning the pathologic piocesses involved in throm- 
bophlebitis is based on isolated pictures from necropsy and biopsy speci- 
mens, venography and a limited amount of experimental studies on ani- 
mals. The pailiogenesis of the lesions is therefore incompletely known, 
particuLirly in the early stages, wlu'ch are the most important. 

Common to all types of thrombophlebitis is pathologic evidence of 
thrombosis and inflammator)’ reaction in various coats of the venous 
wall. The fresh thrombus in large veins is usually lamellated and con- 
tains numerous thrombocytes, jwrticularly in the lasers in contact with 
the wall of the vein and then irregularly alternating layers of er^’ihro- 
cytes and fibrin with more thrombocytes, fibrin and leukocytes. This 
suggests that the evolution of the thrombus occurs layer by layer, yet 
there is usually little difference in appearance between the layers, so that 
it probably takes place in a relatively short time. In many instances 
a thickened portion of the intima witli proliferation of the endothelium 
is found even in early lesions at some point in the affected vein. It is hard 
to be certain whether this is of considerable age or is an acute lesion. 
Organization of the thrombus takes place early, probably within 2 1 hours, 
certainly within 48 hours. In large thrombi the thrombus undergoes 
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m\olution during tlie next few weeks b> a process of partial fibrophstjc 
organization and partial liquefaction The relative amounts of organizn 
tion and liquefaction var) greatlj in different cases but there is usually 
some permanent reduction of the lumen of the vem b) fibrous tissue 
with bands extending across the lumen and layers adherent to the original 
mtimal coat These ma\ be extensive and produce marked obstruction 
or they may be minimal Tlim after an attack of thrombophlebitis there 
IS nearly always some restoration of function of tlie vein but it is usually 
incomplete 

The inflammatory reaction in the intimal medial and adveniuiaJ 
coats of the veins varies greatly in degree in different cases It has been 
said (Homans) that there is iisuallv obstructive involvement of the pen 
venous lymphatics during the acute stage One can see all types of inflam 
matory cells leukocytes Ivmphocytes and fibroblasts with congestion 
of capillaries in and around the venous wall but tlie fibroblast is the 
dominant celt after tfie tesion is a few davs old Permanent fibrosis of the 
V all of the vein and the adventitia may resuU 

There are certain variations in the pathologic picture in certain types 
of thrombophlebitis In suppurative thrombophlebitis there is an intense 
inflammation of the venous wall with the leukocyte as the dominant cell 
Also the thrombus contains many leukocytes and in certain regions it 
softens to become an abscess Bacteria are frequently seen in tliese su|>- 
purative softenings The intense inflammatory lesion may extend some 
distance from the original focus or abscess In chemical thromboplilebiiis 
there is a rather marked proliferation of the intima and a ratlier extensive 
cellular organization of the thrombus In varicose thrombophlebitis 
there is usually thickening and degeneration of the intimal coat in addi 
tion to the marked thickening and fibrosis of the medial coat 

In the hematogenic types of thrombophlebitis the thrombus is more 
uniform in its early stages and organization is comparatively minimal and 
consists of rather acellular fibrous tissue Inflammatory reaction in the 
v\-all of the vein is also minimal A similar picture is seen in thrombo 
phlebitis occurring in the cachectic states such as carcinoma and in con 
gcstive heart failure 

In primary thrombophlebitis— both the recurrent idiopathic type and 
thromboangiitis obliterans— the lesions are segmental and involve pre 
dominantly small and medium si/cd veins Here the fibioplasnc rcacuon 
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IS extreme both in and around the \enous tsall and in the thrombus As 
1 rule ser) little restoration of the lumen tikes place E\en m ser> earl> 
lesions seen at biopsy the fibroblasts are closely packed together and often 
part of the occlusion of the lumen seems to be due to extensise prolifein 
tion of endothelial cells rather thin to thiombosis Giant cells imy be 
seen in the more icute lesions 

PATHOLOGIC PHYSIOLOGY 

The essentnl disturbince of physiology in thiomboplilebnis is ob 
stiuction of tenons blood flott Owing to die extensive amstomosis of 
superficial veins and the presence of the two saphenous systems in the 
legs ind the median bisilic and median cephalic systems in the iinis 
intolvement of one of these veins or dieir smillei tributiries does not 
definitely embamss die circulation from the limb Houeter when large 
trunks such as the iliofemoral axillary or the inferior tena cat a are 
mtoUed and obstructed by a thrombus that extends a consideiable dis 
tance the distal tenons pressuie at heart level may be quadrupled With 
the patient m the erect position the piesstire may approach diastolic ar 
terial pressure Tins results m intense congestion of venules and capi! 
lanes and subsequently in transudation with edema The role of the 
obstruction of the perivenous lymphatics m the formation of edema has 
been debated Homins claiming that this lymphatic obstruction is the 
main factor in the production of the edema However most of the swell 
iiig of the limb particularly in the early stages of the disease is due to 
extreme capillai’y congestion rather than to actual edema It has been 
argued that because hgatuie of a large venous trunk did not pioduie 
edema therefore the edema could not be due to tenons obstruction hut 
in such an instance there is also little con^,estion Also a thrombus several 
inches long produces much greater venous obstruction tlnn a hgatiirc 
because of coincident blockage of collaterals 

Dining tlie acute stage of obsiruciion of the iliofemoral vein the 
circulation is maintained through collateral veins which pass across from 
the superfiaal veins of the upper pan of the thigh and lower part of the 
abdomen to the opposite side of the body through the abdominal wall to 
the azygos and mammary systems and through the pelvic plexuses to 
the opposite internal ihac vein As the thrombus undergoes involution 
die pressure in the veins of the leg distal to the obstruction graduaUv 
falls but rarely to noinnl The collateral veins gradualK dilaie dejjcnd 
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mg on their inherent strength and on Iioii much of the blood from the 
limb they have to carry In some cases huge varices are developed in 

these collateraUeins (Fig i) Follotving assumption of the erect posture 

after an iliofemoral thrombophlehitis there is an additional incrcrse in 



Figure 1 D lated tortuous superfaal abtlom nal and thoranc sc ns »n old case of 
ihrorabophleb iis of inferior \e la cava infrareil photograph 

the \enous pressure in the disnl \ems o£ the leg The) imy gnduall) 
dilate varices may de^elop and the venous system may become incom 
petent producing chronic static edema Chronic edema does not develop 
as often after obstruction of the iMllary vein probably because ortho- 
statism has much less effect on increasing the venous pressure 
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CLINICAL SYMPTOMS AND SIGNS 
If one considers thrombophlebitis as nn acute inflammator) lesion 
with associated obstruction of a \ein the clinical phenomena are easy 
to understand Pain and tenderness vary uith the seventy of the periphle 
bitis and the degree of congestion of distal parts of the hmb Swelling 
with or without edema is associated with congestion and is seen only 
where there is involvement of a large venous trunk Constitutional reac 



tions such as fever tachycardia and malaise are variable even in cases 
with apparently the same degree of local involvement Chills do not occur 
and the temperature rarely rises over 39** C (102*’ F) except in the 
suppurative types where the constitutional symptoms are similar to 
those of septicemia from any source As the acute pliase of the lesion 
passes persistent symptoms are nearly always the result of residual venous 
insufliciency and congestion 'Witli our present knowledge it is easiest 
to consider the symptoms and signs of thrombophlebitis from the stand 
yaoint of the location of the lesion 

Thrombophlebitis of superficial veins tiibutaries of the saphenous 
systems or small cutaneous veins is usually of the primary type less com 
monly secondary to certain infectious diseases and occasionally ahhougli 
rarely seen in cachectic states and blootl dyscrasias (Fig 2) The lesions 
arc often multiple and appear as red moderately painful tender raised 
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regions in the skin In set) small %e)ns these niaj be cnnihr but thej 
are usually linear and can be felt as firm cordlike segments jn the course 
oE a visible \ein Constitutional symptoms are rare The niflanimator) 
reaction undergoes involution in from 7 to 18 da>s but the thrombosed 
vein can often be felt for a much longer period In rare instances in tlic 



FiruRE 3 Thrombophleb t » ol long saphenous se n with considerable pcriphlcL l s 
pr mary d opatl c i)pe Infnreil p! olograph Note prom nence ot lo g sapt e s « n 
bcio les on 

presence of arterial insufficiency necrosis of the skin occtiis 01 er the lesion 
(necrotizing phlebitis) The lesions are apt to recur penodtcally in crops 
and may extend by segments to larger veins 

Thrombophlebitis of the long and short saphenous veins the inetUan 
basilic tlie ceplnhc and varices is easily recognizable as these veins are 
fairly large and fairly superficial (Fig 3) The penphlcbiiic reaction 
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Vines but is usinllj dehiute ind the \ein can be felt as a firm cord All 
t)pes the local hematogenic primary and secondary ma) occui m these 
veins Edema is lare but ma) ocair in mild degree if the lesion is exten 
si\e and if the patient is ambulatory during tlie acute stage Constuu 



li iKF I ill femoral tl T<*i Ixipl Ub 1 s nircatcd icitc^tasc mtrared pi olograph 
N< te c kma IkI kncc tnl rj»e enl of il gh i tl c to congwt n 

tional reactions are usuall) mild or absent Thrombojihlebitis of the sliort 
saphenous vein is one of the cotntnonest of the postoperative i>pes and 
any patient w ho dev elops pain in the calf of the leg during the jxistoperi 
tive convalescence sliould be evamiiied carefully for short saphenous 
tlnombophlebitis The lesion may extend into ilie femoral vein 
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Thrombophlebitis of the lotver femoral and popliteal veins usiiallj 
produces deep tenderness md pain along the course of these veins and 
often some transient swelling and congestion of the lower part of the leg 
and the foot with mild constitutional symptoms 

Iliofemoral thrombophlebitis (milk leg phlegmasia alba dolens) iisii 
ally produces a typical clinical picture (Figs 4 and 5) The majority of 



FiGiRC 5 AciiCe fliofemoTal IhrombophlebiiiscoinplicatingchrDniciilcerativecot lis infra 
ml photograpli superficial »e»n$ are disiended in spite of clc\-atian of leg 


cases are of the secondary or complicating type The onset is usually 
sudden although it may follcrw a previovis more distal thrombophlebitis 
or an embolic episode Pam may be moderate to severe and is usually 
felt along the course of the affected vein or in vainous regions throughout 
the limb Swelling is almost always present and may be extensive, invoh 
mg the entire leg and thigh The superficial veins are prominent and dis 
tended and the skin mav be diffusely or locally cyanotic Constitutional 
symptoms fever (up to 39® C— 102" F) tachycardia and mild malaise 
are usually but not always present The temperature of the skin of the 
leg varies It may be slightly greater or slightly less linn that of the op 
posite extremity but it is usually not greatly changed Tenderness in 
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Scarpis tuangle is almost nhva>s present and is a %alinble diagnostic 
sign In many cases the thrombosed femora! vein can be palpated Ten 
del ness in tlie popliteal space and along Hunters canal is usually present 
The initial congestise sneJJing of the leg is often followed nithin a feu 
days by edema which can be pitted by pressure In a few cases where 
the onset is sudden there is spasm of the femoral artery with fall m the 
temperature of the shin and disappearance of peripheral arterial pulsa 
tions but this is the exception rather than the rule and is usually a tran 
sient phenomenon 

A very similar clinical picture takes place in the arm as the result of 
an acute axillary or subclavian tlirombophlebitis although the swelling 
is usually less marked The thrombosed axillary vein can usually be felt 

COMPLICATIONS AND SEQUELAE 

The complication of thrombophlebitis that is most feared is pul 
monary embolism However there is considerable evidence both patho 
logic and clinical to indicate that a thrombus only breaks off and becomes 
an embolus very soon after its fonnation probably within a few hours 
certainly vMtlnn a few days Many fatal pulmonary emboli occur witlioiit 
any clinical evidence of thrombophlebitis In many cases vvhere tliere is 
nonfalal pulmonary embolism the thrombophlebitis follows rather than 
precedes tlie embolism In a large senes of cases of postopeiative iho 
femoral thrombophlebitis fatal pulmonary embolism occurred m only 
five per cent In half of these it occurred within four days after the onset 
and in the other half it was found to have its origin from an unrecognized 
fresh thrombosis m the opposite iliac vcm Histologic examination of 
pulmonary emboli shows absence of organization and organization of 
venous thrombi takes place fairly rapidly after their formation It is 
probable that in a case of clinically recognizable thrombophlcbms em 
holism may occur only if the thrombosis extends to anotlier larger and 
more proximal vein if a fresh tlnombus forms in a distant vein or rarely 
if die progicss of organization is very slots (usually in cachectic states) 
Hence tlie actual problem of prevention of erabobsm in thromboplilc 
bitis IS the pioblcm of prevention of further thrombosis Those few cases 
of secondaiy thiombopblebitis m which there are successive episodes of 
thrombophlebitis in various veins interspersed with episotJes of piil 
monary infarction are apt to terminate v\tih fatal embolism The inci 
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dencc of embolism in recurrent idiopathic tlirombophicbiiis is aj)pro\i* 
match 12 per cent, of fatal embolism 7 per cent. 

Chronic senous insuHicicncj of the limb with its \arious manifcsia 
tions is a serious complication of iliofemoral tlirombophlcbitis. It is 
often seen in patients s\ith congenitall) sscaL \eins, in those s\ho base 
presiousi} had sarices and in those who arc obese. It is in.iiiifcstctl first 
b) edema, sshich accumulates during the daj and tlisappcars at night. 
Later tlie edema becomes chronic, superficial varices ma) gmduallj de- 
velop and there maj be dilFusc aching pain in the muscles after pro- 
longed ualking or moie particular!) after prolongetl standing, fin ill), 
more severe and disabling complications such as chronic indurated cel- 
lulitis, cc/cma of the skin and ulceration of the skin ma) apjiear. 

Osteojiorosis of the foot .ind tnild degrees of muscular .ilroplij of the 
leg are seen occasionall) as complications of thrombophlebitis but they 
ate almost al\\a>5 asscKiaicd with prolonged icst In bed or a prolonged 
period of disuse of the limb 

Postplilebitic neurosis is a rc.il entity and has been described b) Allen 
and Brown The patients arc almost invariabl) nervous women who Inve 
had a prolonged period of rest in bed as part of treatment and who have 
been impressed b) the possibility of permanent (Iis.ibilii) or piilmonar) 
embnhsin The symptoms are vveakness of the limb and pains of rather 
widespread distribution. The objective evidence of chronic venous in- 
sufficienc) is itsiiallv minimal or absent. 

DIAGNOSIS 

Superfici.il tfiroinhophfebitis involving small veins in.i) have to l>c do 
tinguished from crvihem.a nodosum, nodular sjphilids, .md lUKluhr 
tuberculids The icndciuv of llic lesion to a line.ar ratlicr than a circul.nr 
shape, its smaller si/c. lack of ulccr.nion and coniparativelv rapid involu- 
tion arc distinguishing features. 

.Acute iliofemoral ihrombophlcbiiis may have to be disiingtiishcd 
from acute arterial cKclusion In the latter condition the pain is apt 
to be more severe, the limb is pale, rather than cyanotic, the super- 
ficial veins arc collapsed, the skirt of rlie foot Is cold .and .arteriil pulsa- 
tions are absent. The diflusc lymphangitis and ccllnUtis of the leg of the 
cryslpcl.itons tvpc, an increasingly common dise.»se, should l>c <r:isil\ dis- 
tinguished from acute iliofemoral ihromljopldebiiis because the skin is 
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red, hot and diffuse!) tender. The \eins are not distended and constitu- 
tional reaction is usually se\ere, tvith cliills, high fe\er (40° C.— 104’=’ P.) 
and much malaise. 

Chronic \enous insufficienc) of the leg as a result of old thrombophle- 
bitis ma) hate to be differentiated from chronic l)Tnphedema. In the 
latter the sivelling is more brawny, superficial veins are not distended, 
the venous pressure is normal and the skin is thickened and firm. Some 
t)pes of lymphedema are characterized by the gradual development of 
a painless, swollen leg i\ hile in postphlefaitic edema one can almost always 
elicit the history of the acute episode. 

TREATMENT 

The treatment of thrombophlebitis can be divided into (1) preven- 
tive measures, (2) treatment during ihe acute stage, (3) prevention of 
complications and (4) treatment of complications. 

Although certain principles of treatment apply to all the types of 
thrombophlebitis, there are special considerations that apply only to cer- 
tain etiologic types. 

Local Thrombophlebitis: The treatment of chemical thrombophle- 
bitis is veiy simple. Rest of the limb and the application of warm wet 
packs for a few' days is usually sufficient. Pulmonary embolism is very 
rare. Some patients apparently have easily injured veins and are very 
prone to develop chemical thrombophlebitis after intravenous injection 
of various cliemicals. If this is known, the solution to be injected should 
be made as nearly isotonic as possible 01 should be mived with an equal 
or greater volume of the patient's own blood before injecting and vem 
puncture should be made with as little trauma as possible In varicose 
ihromboplilebitis of spontaneous or secondary origin the treatment with 
rest and warm wet packs is usually all that is nccessaiy and can be dis- 
continued as soon as the pcriphlebitic reaction lias subsided Embolism 
is also rare in these cases unless the thrombosis extends to the main venous 
trunks, as there is usually a constriction at the proximal end of the varix 
In some instances where large superficial varices are affected, involution 
of the thrombus is very slow and surgical excision of the entire throm- 
bosed vein will shorten the period of disnbihtv considerably. 

The treatment of suppurative thrombophlebitis is largely surgical. 
As soon as the diagnosis is nnde the vein should he ligated, if possible at 
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a point just proumal to the lesion. If an abscess fonns in the affcactl 
segment, incision and drainage uUl usually be necessary. In licmoljtic 
streptococcal bacteriemia secondary to suppurative thrombophlebitis, 
sulfanilamide theraji) has been quite effective. 

Hematogenic Thrombophlebitis; In these t>j>es the prevention 
consists m the treatment of the blood djscrasia. Active treatment is 
essentiall} the same as is discussed in the following paragraph. 

Secondary Thrombophlebitis: The prevention of postoperative, post- 
partum and posttraumatic thrombophlebitis and those types that compli 
cate infections and constitutional and cardiac disease is a problem that 
has not yet been solved It Is an important problem because it is also the 
only direct attack on the prevention of pulmonary embolism. A number 
of plans have been advocated but results have been difiicult to cv.iluaie 
because of the comparatively small incidence of both thrombophlebitis 
and embolism and the necessity for using any one plan in sev cml thousand 
cases before any conclusions can l>e drawn. 

Too little is known about the nature or importance of local lesions 
of the veins as causative factors to permit of much thcrnjicutic attack 
from this angle However, avoidance of trauma to veins as Far as possible 
during surgical or obstetric procedures can be reemphasired and aho 
aioidince of pressure on the cjJics of the leg's ami the groins J>ojJj then 
and during convalescence. 

•Most of the preventive measures h.avc been directed toward inlnimi/ 
ing the venous st.asi‘s in ilic legs, rrcsjucni evcrciscs {>crformed several 
times daily by the patient, mass.agc of the legs for periods two or three 
times a clay, and elevation of the legs fora period of several days following 
operation have been advcxaited and undoubtedly improve venous ciirula- 
lion to some extent. It is probable tb.ai there is less risk of throinhophlc- 
bitis and embolism if the pcricxl of postoperative or jwsipartum rest in 
bed IS made as short as possible. 

Wallers .advocated the use of thyroid extract and this lias liccn shown 
to increase the rate of flow of venous blocxl in the legs in postoperative 
convalescents definitely. However, it is ncrcssary to indt\idua!i/c the 
dosage carefully for each patient and the use of thyroid extract has only 
been partiallv efTcciivc in reducing the incidence of jwstojicTaiive throm 
bopblebhis and embolism. 
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The most logical preventive attack would seem to be reduction of the 
coagulability of the blood. Recently ilie production and use of a purified 
nontoxic heparin by Best and Murray and their co\vorkers 24 , 25 , 2C have 
shown that tins is possible. At present this heparin is expensive and its 
effect exists only while it is given continuously intravenously, but it can 
be given safely and apparently definitely prevents thrombosis while it 



ticuRC (3 Trame for ele\ation of tcj; in treaimcnt of acute iUoremoral thrombo 
phlebitis. Hot wet pack has been applied. 


is being given. As )et it is not practical for routine use but, where em- 
bolism has occurred once, there is a great enough chance of further 
thrombosis aud embolism to justify giving it continuously for at least 
a tveek. 

The treatment of secondary iliac or femoral thrombophlebitis during 
the acute stage should provide: (i) All possible aids to the venous cir- 
culation through the collateral veins; (2) aids to hasten normal involu- 
tion of the lesion; (3) means for prevention of extension of thrombosis 
into other veins; (4) means for prci'ention of fear on the part of tJie 
patient. As much can be accomplished by simple procedures as by com- 
plex methods. The affected limb should be elevated so that it forms tui 
angle of at least 30 degrees with the horizontal (Fig. 6) . Adequate hot, 
wet packs should be applied from the ankle to the groin. The skin is 
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covered with a tliin Hjer of petrolatum in older to prevent nnccniion 
Over this is wrapped a thin la)cr of gauze Then portions of blanket 
material which have been soaked in hot water and wrung out are 
wrapped around the leg looselj The entire pack is surrounded b) a 
rubber sheet and hot water bottles arc placed on the outside surface of 
the rubber sheet in order to conserve the heat A new pack should be 
applied ever) hour if necessar> to keep it hot Care must be taken not 
to have the pack hot enough fo burn iJie skin 

There is no justification for use of cold packs at an) time inasmuch 
as application of cold produces vasoconstriction and more venous stasis 
than alread) exists therefore, it favors extension of thrombosis to other 
veins and retards normal involution of the lesion 

Use of dry heat has not been as successful as use of hot wet jiacks 
although the reasons for this are not clear A congested skin witli renidtd 
circulation is burned eastl) and is burned more eisil) b) dr) beat derived 
from electric bulbs Iiot water bottles or hot pads ilian b) moist licit 
derived from hot wet packs 

Sedatives ma) be necessar) for control of pain during tlie first or sec 
ond da) but rarely after this Rest m bed elevation of the affected limb 
and application of hot wet packs arc continued until swelling and edema 
have disappeared from the leg until the temperature has been normal 
for at least four days and until tenderness along the affected veins Ins 
disappeared completely Usuall) treatment for lo to i8 days is retjuired 
to accomplish these objectives at the end of this time the patient is 
allowed out of bed There is no justification for keeping patients in hed 
for long periods inasmuch as this does not tend to prevent pulmonarv 
embolism does not prevent development of chronic venous mstifficicncv 
and tends to focus the attenuon of the patient on lus disability 

Otlier procedures such as use of leeches roentgen therapy, surgical 
enlargement of the femoral ring and splitting of the vascular shcatli, use 
of diuretics, of iodides sodium thiosulfate and special diets have been 
advocated for treatment of severe degrees of femoral and iliac throm 
bophlebitis but it has not been shown that they are superior m any wny 
to the simple methods of treatment by elevation of the affecicd limb and 
application of hot packs and there arc serious objections to some of them 
One of the most important aspects of treatment of ihac and femoral 
thrombophlebitis is that of management after the patient has hccn 
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alloued otit of bed. This is ."tlso tlie phase of treatment that is most Iikel> 
to be neglected. During tlie latter da)s of the acute phase of the disease 
when the patient is still confined to bed and the affected limb is elevated, 
the return circulation is adequate for this position but when the patient 
stands there is added to the residual partial obstruction of the venous 
trunk the factor of gravit) with a great increase in the hydrostatic ^enous 
pressure. The complication of chronic venous insiifRciency of the limb 
may be prevented in the great majority of cases by the immediate use 
of an adequate suppouive elastic bandage or elastic stocking Inasmuch 
as secondary complications occurring in the thigh are not to be feared, 
it is not necessary that the supjiort extend above the knee Furthermore, 
it is difTicult, if not impossible, to apply a comfortable and efficient elastic 
support around and above the knee. The patient should begin to wear 
the elastic support when he is allowed out of bed for the first time 

Heavy elastic stockings, if made to measure, may fit well. Measure 
inents should be Liken when the leg is free of edema The disadvantages 
of elastic stockings are that they do not always fit well, cannot be read 
justed once they are made, arc relatively expensive and do not give .ide 
quate support after two or three months of use Cloth mesh bandages 
are larely adequate 

The most efficient bandage is one made of jmre solid gum rubbci 
three inches wide and five yards long Such a bandage should be applied 
over a white cotton stocking and care should be taken that the shoe 
completely overlaps the bandage around the heel and over the dorsum of 
the foot (Fig. 7). The advantages of'such a bandage are that u will 
contiol the swelling and will support the veins even aftei the most sevcic 
type of thrombophlebitis has ocemred, that it can be applied snugly, 
can be adjusted until comfortable, that it is relatively me.xpensive and 
has excellent wearing qualities. TIic jxitient should be instructed regard 
ing application of the bandage; it should be applied when he first gets 
up in the morning, should be worn continuously except when lie is in 
bed at night, and should be removed and immediately reapplied twice 
dining the day. After three months tlie bandage or stocking may be left 
off half a day, later for a full day if no swelling is noted; but if some 
swelling does appe.ir, use of the bandage should be conlinucd until tins 
no longer happens It is rarely necessary for the patient to wear die 
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bondage more than a )ear and usually not more than six months, if it is 
applied before any orthostatic edema has Ind a chance to dcselop 

During the first feu ueeks after the patient has been alloucd out of 
bed. he should sleep uith his legs elesited on one or tuo pilJous at 



FrcunE 7 llca\y pure rublKr bandage a|>plic<l o\cr ivliitc niton xnuLiiig in neat 
jDcni of JliofimoraJ iJiromljtjpWcbili' alicr acute stage and when jiaticnt bccornex nmbii 
latory 


the end of tint time it is adsisablc for him to perform liie so-callcd cleo 
tton exercises, mmcly, lying on the back, raising die feet in the air and 
going through the motions of riding *i bic\clc during alternate minutes 
for a period of 15 or 20 mtiuites. luice a day Later, suimiimig h an 
excellent exercise for improsing venous nrcuhtion 
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Treatment of secondar) superfiml varicose long saphenous and 
short saphenous thrombophlebitis during the acute stage usually requires 
a shorter period of rest in bed The criterion for allouing the patient 
up should be disappearance of local tenderness m the affected \ein Band 
ages or stockings are usuallj not necessarj but if edema of tiie anUe 
appears after the patient is ambulatoiy a light bandage should be used 

Pnmary Thrombophlebitis Treatment during the acute stage 
should follow the same principles as were mentioned for the secondary 
types depending on the ^eins inaolved Othenvise the chief problem is 
the prevention of furtJier attacks or episodes for uhich no rules can be 
made that v,iU fit all cases Local excision of affected superficial veins 
has been effective in some but not all cases and should be considered 
where the lesion is progressing by contiguous segments Elimination of 
focal infection has stopped the attacks m many cases If tlie episodes 
continue in spite of this a coinse of injections of streptococcal vaccine 
can be given m gradually mcTeasmg doses but in amounts that will not 
produce systemic reactions In some cases recurrences have ceased after 
a course of intravenous injections of typhoid vaccine sufficient to produce 
a moderate systemic reaction Sulfanilamide has been used successfully 
in some cases where the lesions have been recurring rapidly In throm 
boangiitis obliterans the lesions of the veins are nrely of much clinical 
significance compared with tlie arterial lesions It must be remembered 
that m some cases of recurrent idiopathic thrombophlebitis arterial lesions 
will develop 

Postphlebitic Neurosis As this is usually the result of prolonged 
rest in bed and fear of embolism or permanent disability it is vmsc to 
adopt an attitude of encouragement and to get the patient up as soon as 
possible Patients and relatives of patients v\ith tlirombophlebms slioufd 
not be told that there is danger of embolism 

Chrome Venous Insuffiaenty "Wlien a patient is first seen with 
well-developed clironic venous insufficiency of the limb as the result of 
a previous thrombophlebitis the first step should be a short period of 
rest in bed to drain the leg of edema fluid He should then be equipped 
with an adequate heavy support It may be necessary for him to v\Lar 
such a support the rest of his life but trial periods viuiiout it may be 
begun in a year Ordinarily treatment of secondary varices by injection 
of sclerosing solutions is not advisable m these cases and will not help 
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symptoms or present further complications but occasionallj it is icIms 
able to destro) large localized \ances particuhrlj uhere the) he just 
proximal to ulcers Chronic indurated cellulitis is best treated as earls 
as possible b) a period of seseral iseeks of rest m bed and application 
of warm iset packs Afans stasis ulcers may be satisfactorily treated by 
the ambulatory pressure method of treatment (McPheeters) using a 
sterile gauze sponge tlien a rubber sponge o\er the ulcer and then apply 
ing an adhesise bandage or a nonadliesite rubber bandage Almost all 
ulcers can be healed by putting the patient to bed with the leg elevated 
and applying warm wet packs of solution of boric acid or o •5 per cent 
aluminum acetate to the ulcer W hen ulcers are large healing cm lie 
hastened by using skin grafts after the base has become clean and covered 
iMth healthy granulations Finally patients with chronic venous insuni 
ciency should be instnicted carefully regarding their problem the influ 
ence of position gravity and musailar activity on venous circulation 
the importance and principle of adequate leg supports and lyoidance 
of trauma to the skin 
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failure Holman in 1923 after analyzing Halsted s cases determined that 
in the presence of small arteiio\cnous communications changes in the 
cardiovascular system never developed but invainabl) thej did appear 
when the fistula was large Harrison Dock and Holman in i9‘>4 pro- 
duced arteriovenous fistulas experimentally m animals and found the 
blood flow tlirough the lungs of such animals uniformly increased to an 
amount 100 per cent greater tlian the normal Smith in 1931 found a 
reduction of 58 per cent m cardiac output and an increase of i^o per cent 
m the coefficient of utilization after repair of fistulas m cases in which 
cardiovasailar symptoms occurred 

Diagnosis The diagnosis of an arteriovenous fistula usually is not 
difficult if the condition is suspected In most of the cases attention will 
be directed toward an enlarged and swollen hmb which may be mistak 
enly thought to be due to varicose veins Closer inspection and palpation 
of the limb will reveal a pulsating tumor at some point along the larger 
vessels with an audible bruit and palpable ilinll The lliriU and bruit 
are present throughout the cardiac cycle but are more prominent during 
systole tlian during diastole There vmII be an increased temperature 
of the surface of the involved extremity particularly in the region of tlie 
fistula Branhams bradycardiac phenomenon of slowing of the pulse 
and temporary hypertension may be elicited by occlusion of the fistula 
If a bruit IS absent and there is a question as to tlie diagnosis a puncture 
of one of the regional veins will reveal arterial blood which is diagnostic 
of an arteriovenous fistula 1 Because the arterial blood is shunted directly 
into the veins there is usually a vascular deficiency distal to the fistula 
Tlie patient may complain of claudication and have symptoms of ischemic 
neuritis Trophic changes ulcer and even gangrene may develop in the 
lower part of the extremity In cases of fistulas of longstanding the 
picture may be one mainly of congestive heart failure 

Illustrative Case A man aged 51 vean came to the dime in 
September 1935 because ol epigastric distress gaseous indigestion and 
dyspnea of six months duration The dvspnca had increased gradually 
so that he was unable to vralk more ilian a block without severe distress 
Swelling of the right leg had been present for three years fn the three 
months prior to admission he had noted increasing swelling of the left 
foot and leg 

In November 1922 the patient had been vsoiintlcd while hunting 
deer Tlie bullet entered the left hip and traveled across the pchis into 
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ACQUIRED ARTERIOVENOUS FISTULA. 
TEMPORAL ARTERITIS AND 
ANEURYSM* 

jB) Edgar A. Hines, Jr., M.D. 

ACQUIRED ARTERIOVENOUS FISTULA 

Definition: Arteriovenous communications, s!>ort cuts or shunts be- 
tween the smaller arteries and veins, form a pan of the delicate niecli- 
anism which regulates circulation. However, when a large artery' and 
vein communicate wiift one another, the dynamics of the circulation arc 
profoundly disturbed, frequently with serious results. Large arterio- 
venous communications may be congenital or acquired. In the congenital 
form, the communications aie usually multiple, tvhereas In the acquired 
form the communication is single, although Horton and Meyerding 
recently reported a case of traumatic arteriovenous fistula in whiclt there 
were two communicating tracts some distance from each other. Con- 
genital arteriovenous fistulas are considered in detail in the chapter on 
"Varicose veins with congenital anomalies of arteries and >cins." 

Etiology and Physiology : Acquired arteriovenous fistula usually 
results from trauma such as a bullet wountl or stab wound. It is a rela- 
tively common condition. Callander, in 1920, tabulated 4.J4 cases wlucli 
had been reported in the literature up to that lime and many reports of 
such cases have appeared since. 

The deleterious effect w'hicli an arteriovenous fistula may have on the 
heart makes the early recognition of the condition of great importance.^- ® 
As pointed out by Lewis .and Drury, when the fistulous opening is free, 
the diaracteristic signs of aortic rcllex ensue in the arterial system, namely, 
high pulse pressure, capillar)’ pulse, waier-h.immcr pulse and so forih. 
The result is a train of events sucli as results from aortic regurgitation 
with the development of cardiac enlargement and crcntually congesiire 

• Submitted for publication Deccml^er 28. 1933. 
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failure Holman m 1923 after anal)zing Halsted 5 cases determined that 
in the piesence of small nrterio\enous commumcations changes m the 
cardiotasciilar system neser deteloped but imariably they did appear 
i\hen the fistula avas large Harrison Dock and Holman m 1924 pro 
duced arterioaenous fistulas e\penmentally in animals and found the 
blood flon through the lungs of such animals uniformly increased to an 
amount 100 per cent greater than the normal Smith in 1931, found a 
reduction of 58 per cent in caidiac output and an increase of 120 per cent 
in the coefFiaent of utilization after repair of fistulas in cases in which 
cardioa ascular symptoms occurred 

Diagnosis The diagnosis of an arterioienous fistula usually is not 
diffiailt if the condition is suspected In most of the cases attention will 
be directed toward an enlarged and swollen hmb avhich may be mistak 
enly thought to be due to laricose \eins Closer inspection and palpation 
of the hmb avill reieal a pulsating tumor at some point along the larger 
\essels with an audible bruit and palpable thrill The thrill and bruit 
are present throughout the cardiac cycle but are more prominent during 
systole than dunng diastole Theie will be an increased temperature 
of the surface of the intoUed extremity particularly in the region of the 
fistula Branhams bradycardiac phenomenon of slowing of the pulse 
and temporary hypeneusioa may be elicited by occlusion of the fistula 
If a bruit IS absent and tliere is a question as to the diagnosis a puncture 
of one of the regional leins will rexeal arterial blood which is diagnostic 
of an arieno\ enous fistula 1 Because the arterial blood is shunted directly 
into the leins there is usually a \ascular deficiency distal to the fistula 
The patient may complain of claudication and ha\ e sy mploms of ischemic 
neuritis Trophic changes ulcer and even gangrene may deielop in the 
lower part of the extremity In cases of fistulas of longstanding the 
picture may be one mainly of congestive heart failure 

iLLUsniATivn CvsE \ man aged 54 years came to die clinic in 
September 1935 because of epigastric distress gaseous indigestion and 
dyspnea of six inoiuiis duration The dyspnea bad increased gradually 
so that he was unable to v\alk more than a block without severe distress 
Swelling of the right leg had been present for three years In the three 
months prior to admission he had noted increasing swelling of the left 
foot and leg 

In November 1922 the {latient had been wounded while hunting 
deer The bullet entered the left hip and traveled across the pelvis into 
—4$ 
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the right inguinal region He had recovered satisfactoniv from thisaccidcm 
except for residual atroph> of muscles of the left calf and left foot-drop 
caused b) injur) of the left sciatic nene He s\as otherwise entirel) s\cll 
until 1932 at sshidi time the right foot and leg begin to suell In March 
1933 he first noted abnonnal pulsation and thrill in the right femoral 
region 

The patient sshen seen for the first time at the clinic svas ofniously 
suffering from a se\ere degree of cardiac failure He ssas orthopncic and 
there s\as marVed edema of the lower extremities There was great enlarge 





Thlhf I Co {xir o cf the s ot ti cl cart e IMureopcnlioi I oicnoiih 
ifier cperaiion (H r»cs R \\a« gh Proc Staff Me« Maso Cl n ) 

ment of the region of cardiac dullness and the edge of the liver was palpn 
blc 6 an below the costal border The blood pressure in millimeien of 
mcrcur) was 1 j4 s)StoIic and 70 diastolic The pulse rate was 90 beats per 
mimile The right thigh was definitely warmer tlian tJie left and there 
was a definite thrill and bruit over the right femoral region MTicn the 
right femoral arterv was closed b) deep pressure the rate of the apex beat 
of the heart decreased from 90 to 60 beats per minute \ tcleoroenfgtnn- 
gram revealed the transverse diameter of the heart to be 21 an and the 
diameter of the thorax 32 cm (Fig I A) It was felt that in spue of the 
poor condition of the patient an attempt should be made to repair the 
fistula He vvas hospitalized and put on a regimen to produce dchvdra 
tion This included limitation of intake of fluids and the admmistraiion 
of diuretics In less than one week 13 6 Kg (30 pounds) of edema fluid 
were removetl and the patients cardiac function was greatl) unproved 
Surgical exploration of the region was undertaken by Dr Pemberton 
September 16 193 j V longitudinal incision was made m the right m 
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gmnal region ihe jngiiinil ligament is divided and the external iliac 
and femonl vessels were e\})us«! Tliere nas an arteriovenous fistula 
about 2 cm in diameter between the femoral nrtcr) and vein exactly at 
the point at whicli the profunda fcmoiis bianclied off from the mam 
vessel 

About 1 cm above the inguin il ligament a tape was placed around 
(he cxternil iliac liter) and another around the vein so that they’ could 
be used if necessary to control hemorrhage during the operation These 
two vessels were huge measuring about 5 an in diameter but were con 
stnctecl as they passed belovv the inguinal ligament The femoral artery 
and vein were exposed below the fistula and tapes vvere placed around 
them for emergency purposes The femoral artery belmc the fistula was 
small but the vein was dilated to three or four times us usual diameiei 

In an attempt to expose the communication between the arierv and 
vein an opening was made in the femoral artery which necessitated its 
ligation just below Poupans ligament The iriery vsas then opened 
througii a longitudinal incision and the communication between ilie 
femoral artery and vein was exyiosetl and sutured with silk Jlieic was 
good ictrograde bleeding from the distal ends of the femoral and pro- 
hinda femons arteries and Uiese ivvo vessels vverc hgaied at their point 
of junction 

Excepting liic fact that in the right calf there was severe pain of an 
ischemic ncuncic type vvhidi lasictl seven) days the jiaticni made an 
uneventful convalescence and was dismissed from the clinic one month 
after operation tlic time of his dismissal the size of the heart had 
decreased greatly as compared with that prior to operation (Fig 1 D) 
the blood prcssuic m millimeters of mercury was 130 systolic and 90 
diastolic and the pulse prtssuic was normal the pulse rate was 90 beats 
per minute Pain and dyspnea on exertion did not occur and tlic patient 
could walk several blocks without dilficuhv 

Treatment In cvei'y case of iraiiniatic arieiiovenous fistula an attempt 
sliould be made to icpair the fistula surgically Befoie attempting lepair 
It is well to watt for tliree to six months after the inception of the fistula 
to allow time for establishment of collateral circulation Also the delay 
makes dissection easier and permits subsidente of infection The Mosz 
kowicz Matasil hyperemic test is useful in deleinmimg the status of iJk 
collaieral tntulation Such a test is cametl out by elevating the extremity 
and allowing it to become as ischemic as possible An elastic bandage is 
then applied in circulai fashion from the digits to the level of the lesion 
The aitery pioxinnl to ilie lesion is occluded by lomprtssion preferably 
by a clamp or by digital pressure \ !oiirmC|Uci or inflated blood pressure 
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cuff may be used but has the disadsantage of interfering to some extent 
ivith the collateral circulation The bandage is remo\ed after fise to ten 
minutes while tlie artery sull remains occluded The extent and rapidity 
of development of the hyperemic flush uhich follows remo\al of the 
bandage is an index of the efficiency of the collateral circuhtion 



FiriRt 3 Arieriogram theming fiuub beiuecn femoral arieir anc] icin a & rd 
shot b femoral ancT) c femoral vetn d sacmiar enlargements m the femoral >etn 
(Horton Am J 't Sc) 

If possible die site of the fistula should be determined by artenog 
raphy before surgical explorauon is attempted (Fig 2) The arteno- 
graphic demonstration of an aneno\enous fistula at the clinic i\is first 
earned out by Horton and Ghormley Their technic is as folloi^s A local 
anesthetic agent is infiltrated around either the brachial or the fcmonl 
artery A 20 gauge needle on a 20 cc syringe is inserted into the artery 
and the artery is closed either by tJie use of a blood pressure cuff if the 
injection is being made into the brachial artery or by digital pressure 
just proximal to the needle when the injection is being made into the 
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femoral artery An injecuon of lo to 12 cc of thoroirast is tlien made 
into the arteiy The thorotrast is injected prompt!) and four or fi\e 
roentgenograms are made m rapid succession uhile the arteiy is still 
closed The interpretation of the films depends on the fact tint when 
the injection is made into the normal arterial tree thorotrast does not 
appear in the veins in the first film after injection if the portion of arter) 
proximal to the point of injection is kept closed The demonstration of 
the thorotrast in the first film with the artery closed therefore is diag 
nostic of an arteriovenous fistula The amount of filling by the thorotrast 
on the venous side is proportional to the size of the fistula 

No single suigical procedure is adaptable to all cases of arteriovenous 
fistula The ideal procedure v\ould be to excise or obliterate the fistulous 
tract allowing the lumen of the artery and vein to remain patent It is 
important after careful dissection to correlate the anatomic findings 
with the condition of the collateral circulation before determining the 
operative procedure most applicable Ligation of the artery proximal to 
the fistula alone is not satisfactory This might relieve the load on the 
heart somewhat bm usually it diminishes the circulation to the tissues 
below the fistula so greatly tliat gangrene results Excision of a segi lent 
of the artery and vein including the communications and quadruple 
ligation has given satisfactory resiiltrin certain cases in which the ideal 
procedure of preserving the lumen of the artery and vein could not be 
performed 

TEMPORAL ARTERITIS 

Temporal artentis is a regional arienlis representing a clinical syn 
drome winch is apparently distinct from periarteritis nodosa It generally 
affects elderly persons and is characterized by an arieiitis usually limited 
to the tempoTi) arienes and js accompanied by moderaie loxic symptoms 
particularly anorexia malaise fever niglit sweats loss of weight anemia 
and leukocytosis 

This syndrome was first described by Horton Magaih and Brown of 
The Mayo Clinic in 1934 The first patient recognized as suffering from 
this condition was seen in 1931 Since tint tune eight patients who had 
temporal arteritis have been obsened at The Mayo Clinic and several 
cases have been described in the literature by others 

Etiology The cause of the peculiar process affecting the temporal 
arteries is unknown In the carefully studied senes recently reported by 
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Horton, Magaih and Broun cultures made from the resected arteiies m 
five cases gave negative results Inoculation of animals gave negative 
results and studies of numerous microscopic sections faded to reveal the 
presence of the Mycobactemim tuberculosis and Treponema pallidum 
Agglutination tests for tjphoid, paratyphoid, undulant fever and tula 
remia uere negative Although the appearance of the lesion pathologically 
IS suggestive of an inflammatory process of low grade, the changes may he 
on a degenerative basis due to changes in tlie vasa vasorum The advanced 
age of the patients so far observed particularly is suggestive of the possi 
bility that degenerative factors are of importance in the development of 
the lesion 

Pathology; Tiie characteristic patJioIogic picture is one of a cfiroiiic 
periarteritis and arteritis The ultima is greatly thickened and the media 
IS necrotic in some regions In the portions of the media in which repair 
IS taking place, there is granulomatous tissue which contains numerous 
giant cells Nodular regions along the adventitia consist of collections 
of round cells around the vessels of the vasa vasorum The aneurysmal 
sacs, frequently associated with lesions of penarternis nodosa, are not 
found in the lesion of temporal arteritis 

Diagnosis and Prognosis : Tins disease, so far, is known to afflict 
elderly persons only, without predilection for eiihei sex The presenting 
symptom is always headache, usually of a severe type and often woise 
during the night than during the day Jamng of the head, coughing, 
sneezing and diewing greatly aggravate the pain Accompanying the 
headache or shortly after its appearance, signs of an infection of low 
grade develop Tever, malaise and exiiaiistion are outstanding A mild 
leukocytosis usually is present As the disease progresses a moderate 
anemia develops From two to five weeks after the onset of symptoms 
the charactensuc objective features of the disease namely, tortuosity, 
prominence and extreme tenderness of the temporal arteries, become 
evident Along the course of the arteries siinll nodules can he palpated 
As the process continues, the pulsation in the artery is diminished and 
eventually the lumen may be occluded Usually, only the temporal arteries 
are involved altliough m one case which I encountered, the same process 
occurred in a section of the radial artery In two cases encountered by 
Horton, Magath and Brown theie were inflammatory, vascular lesions 
present in the ocular fundi 
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The diseise tends to be seinimiting nnd runs i course oE four to si\ 
montlis Complete recorer) resulted witimi nvo \ears after the onset of 
S)mptoms m all of the cases so far reported Dunng this time however 
die patients were more or less disabled because of tlie severe headaclie 
and unpleasant sjstemic reaction 

iLLUSTKAiivi Casf \ maiTicd woman aged 69 jcars was adtniilcd 
for the first time to the chnic m Februarv lOSa Her chief complaint vsas 
pam which had been piestnt for two months over her right eve For six 
weeks the pain had been constant and had been projected from the right 
c)c toward the right side of ihc head and into ihc neck ainl shoulder 
Ten dajs before admission her temporal vessels on the right side had 
btconie noticeabl) engorged Also she iiad complained of anorexia Joss 
of weight and nausea Slic had cxpencnceil wine fever and nuisidcrablc 
general weakness The general evaniinatioti gave csscntiallv fiegaiive 
results except for prominence of the temporal vessels and redness over the 
iiglit temporal artcr> vvuh severe temlcrncss along the course of the 
arierj During her siav of five weeks in the hospiial the temperature h) 
mouth rangetl from 36 1 to 38 3* C (9/ to 101* F) the jiulse rate 
ranged from 70 to 1 10 beats a minute The blood pressure on admission 
m millimeters of mcrcur) was Uo systolic and ‘Ja diastolic Neurologic 
evamtnatiou gave objecttvcl) negative results as did that ot the ccrebro 
spinal fluid The number of leukoc>ics vaneil from 9000 to 14 800 per 
cubic centimeter of bloml cr>ihrocvtes 4 330 000 The concentraiion of 
hemoglobin vvas 11 7 Gm j>cr 100 cc of blood Repeated urinalvscs gave 
ntgaiive results Likewise aiJinres of ibc blood and agghitiinnons for 
iindulant fever typhoid fever and paraivphiml fever gave negative results 
Roentgenograms of the head and thorax were normal V segment of the 
right temporal arter) vvas removed for biops) sections of whidi revealed 
a subacute arteritis and pcriancntis with proitferation of cJic incinia which 
almost occluded the lumen Tlicie vvas nuicli dcsiniction of the m«lia 
and man) giant cells were present 

Treatment was slartcvl with jKitassium iodide giving as much as 50 
drops of the saturated solution four nines dailv This large vlosc was 
vvell tolerated Codeine and aspirin were given for the relief of jnin 1 he 
jnlient was given 0 3 Gm of ncoarsphcnainine intravenously each week 
\fn.r the removal of the arterv the headache was gieatly imjirovctl On 
the eighth day afiei admission the patient began to comjilain of pain in 
the left foreann and it was soon observed that an arteritis was devtlojiing 
m the left radial artery 1 he distal third of the artery became tender 
red and thickened A section of the artery was removed and the micro 
scopic picture of the sections was similar to that of the portion of tern 
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poral artery preMously subjected to biopsy but the process i\as more 
aaite in the radial arter) Remox-al of the radial arter> reliexed the pain 
in the arm At the time of the patient s dismissal 38 da)s after admission 
she did not haxe fexer her strength was much improxed and the headaclie 
had for the most part disappeared After returning home the patient 
continued to take the potassium iodide and a dose of 0 3 Gm of neo 
arsphenamine was administered each week for six xveeks Six months after 
dismissal in a report from her phjsiaan it xsas stated that the patient was 
almost entirelj rehexed of s}'niptoms and that she had been nfebnle for 
three months 

Differential Diagnosis Temporil arteritis should be distinguished 
from periarteritis nodosa because of the graxe prognosis in the latter 
condition The regional nature of the temporal arteritis contrasted with 
the more general inxolxement and the more sex ere s)stemic symptoms of 
periarteritis nodosa should sene to distinguish the txxo conditions In 
the earl) stages o£ penarterms nodosa the diagnosis is usually obscure 
because of the absence of mxolvement of laige and xisible artenes If 
difficulty IS experienced m the differential diagnosis a positixe diagnosis 
of temporal arteritis can be made after biopsy of a portion of mxolxed 
artery Migraine should not be easily confused xvith temporal arteritis 
as in the latter case tlie headache is usually continuous and systemic 
symptoms soon occur There may be some difficulty m distinginslung 
betxxeen temporal arteritis and a headache designated by Horton Mac 
Lean and Craig as erythromelalgia of the head In the latter condition 
the headache is of a throbbing type and there are distention and conges 
tion of the xessels in the temporal region Hoxxexer the distention and 
cono'estion occur only during the headaclie and the arteries are not tender 
and nodular as in cases of temporal arteritis Furthermore the systemic 
signs of infection do not occur jf the erythromelalgia type of headache 
IS present 

Treatment Relief of the distressing headache and general supportixe 
measures are the main considerations in treatment inasmudi as the disease 
Itself IS self limiting If the administration of simple anodyaies and opiates 
does not control the headache excision of the segments of the inxolxecl 
artery usually xxill gixe considerable relief The administration of large 
doses of iodides has been of benefit in some of the cases 
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ANEURYSM 

General Considerations Aneurisms of tlie large arteries of the tiunk 
and extremities liaie been recognired smcc the time of Gilen Cerebral 
aneiir>sms because of the obscunt) of symptoms and lack of objecti\e 
signs ha\e been recognized onl). in comparative!) recent Uines De«:np- 
tions of the pathologic characteristics of aneiirjsm abound in the htera 
ture and etiologic factors have been considered at length but there have 
been fen studies born the physiologic standpoint which is of great impor 
tance when therapy is to be considered 

All true aneurysms have at least one layer of the arterial wall forming 
the sac False aneurysms are hematomas which result from rupture of the 
arterial v\all Aneurysms may be single or multiple In tlie large arteries 
of the trunk aneurysms are usually single whereas in the cerebral arteries 
and arteries of the extremities tliey are frequently multiple The etiologic 
factor and the difliculty of diagnosis are dependent on the situation of 
the aneurysm The majority occur witliin the thorax In tlie senes of 
SgG cases of aneurysm at The Mayo Clinic which were reviewed by Mills 
and Horton tlie incidence according to siiintion was as follows Head 
••4 per cent thorax 5G per cent abdomen 13 per cent and extremities 
3 per cent 

Aneurysms may be classified according to their etiology as syphilitic 
arteriosclerotic and congenital or mycotic or according to situation as 
intracranial abdominal and so forth The classification of aneurysms into 
different groups because of minor anatomic differences as to shape and 
form of the aneurysmal sac is of little practical importance Of more 
importance is the situation of the aneurysm as regards collateral circula 
tion and accessibility 

E,tvo\ogy Anything that produces aveaVening n£ the asaW of an 
artery may result m the formation of aneurysm The situation of die 
aneurysm is a determining factor in its etiology Aneurysms of the arch 
of the aorta arc usiiaHy syplidmc inasmuch as it is ibis part of the vascular 
tree which is most commonly affected by syphilis The farther the 
aneurysm is from the arch of the aorta the less frequently is syphilis an 
etiologic factor and the more important are arteriosclerotic changes and 
congenital defects Good evidence of this is furnished in the senes 
reported by Mills and Horton m which syphilis v\-as the etiologic factor 
in 70 per cent of the cases of aneurysm of the thoracic aorta and in only 
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nine per cent of those of aneurisms of the abdominal aorta. Infection is 
an infrequent cause of aneurysms as the arterial ivall is highly resistant 
to infection by encroachment from adjacent tissues Embolic or mycotic 
aneurysms may be associated with bacterial endocarditis in ivhich case 
the initial lesion is probably due to embolism of the \asa \asoruin. 
Trauma plays an important role in the occurrence of aneurysms of the 
extremities and those de\ eloping after gunshot and stab uounds in other 
parts of the body. Congenital defects are of importance in aneurysms of 
tile cerebral arteries and in the smaller arteries such as in the palmar arch. 

Pathologic Characteristics: The pathologic characteristics of an 
aneuiysm depend on the extent and nature of the underlying lesion. 
The important change takes pbee in iJie media uhich is the tn^iin sup 
porting part of the arterial wall. The weakening of the media results 
in a dilatation forming a sac whicli, in the diffuse type is coiered by all 
of the layers of the arterial w'all In the saccular form, Uic process of 
dilatation disrupts the layers and both muscular and elastic tissue are 
replaced by fibrous tissue. As the blood stream is slow’ed, muial ilirombi 
form on the s\all of the sac and may result in complete occlusion. Closure 
by tlirombosis is more likely to occiii in the saccular type than in the 
diffuse type T(ie micioscopic appearance of a section of the wall of the 
aneurysm tvill depend on tlie underlying ctiologic factoi. 

Signs and Symptoms: Except for die observable pulsating mass and 
tlie bruit, aneurysms produce most of then characteristic signs and symp 
toms through pressure on contiguous structures Consequently, the signs 
and symptoms are dependent on the situation of the aneurysm and are 
best considered from this standpoint. 

Cerebral Aneurysm: The signs and symptoms of a cerebral aneurysm 
do not form a characteristic picture which can be recognized sery often 
with certainty. Howeser, more careful correlation of the clinical picture 
with tlie findings at necropsy has resulted in recognition of certain signifi 
cant signs and symptoms w’hich materially aid in making a coriect diag- 
nosis of a condition which was described in the early textbooks of incth- 
cine as being impossible of diagnosis ante mortem Aneurysms may 
occur in any of the cerebral arteries but they are commonest in the arteries 
of the circle of ^Villis. Often the diagnosis cannot be suspected until 
rupture occurs with leakage into the subarachnoid space, presenting the 
sjmptoms of seseie basilar headache, \omiting and drowsiness associated 
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n itJi <i stiff JicLk and a blood) spina) fluid. The sudden onset of a unique, 
severe headache in an old person v\‘ho has hypertension always should be 
considered as due to a ruptured aneurysm until proved otherwise "When 
leakage or rupture has tiot occtiired, the findings will depend on the si/e 
and situation of the aneurysm in relation to contiguous structures The 
picture may be similar to tliat of a neoplasm, particularly in cases of 
suprachnoid aneurysm which give findings siniil.ii to tliose associated 
uith basofrontal neoplasms, such as mental disturbances, changes in the 
visual fields and ophthalmoplegia. A syndrome produced by an anem-ysm 
of the internal carotid arteiy includes loss of the sense of smell, ptosis 
of the eyelid, dilation of the pupil and ophthalmoplegia. Because of 
pressure on tlie cavernous sinus, there may be congestion of the vessels 
of the eye and swelling of the veins of the face. The fifth nerve may be 
involved with pain in the face. Noises in the ear and sometimes impaired 
hearing on the side of the aneurysm occur 

The absence of a bruit in most cerebral aneurysms or the absence of 
characteristic roentgenologic findings makes uncertain the recognition 
of the lesion as one caused by an aneurysm. The roentgenologic find 
mgs considered most characteristic are calcification in the wall ol the 
aneurysm and unilateral enlaigcmem of the optic foramen Eiosion of 
the carotid canal or unilateral erosion of the sella turcica is \eiv sug 
gestive of anetiiysm Arteriography, using a suitable opaque medium 
such as thorotrast, may allow visuali/aiion of an intracranial aneuiysm 
ill the carotid system. 

Thoracic Aneurysm: The commonest symptoms of thoracic ancu- 
ry'sm aie pain in the thorax, dyspnea, cough and hoarseness The symp 
toms are characteristic of any mediastinal mass that produces pres- 
sure. The pain usually is unilateral railier than substernal and in the 
group reported by Mills and Horton, pim was confined to the left side 
of the thorax in more than two-thirds of die cases In some, the pain 
may be situated only in the legion of the shoulder and may extend to 
tlie .irm Pain m the back is rare, ^^aneuvers affecting intrathoracic 
pressure such as exercise, coughing and deep breatiiing may aggrav.ifc 
the pain. There may be true anginal pain as a result of involvement 
of the orifices of the coronary arteries by the underlying pathologic 
process. Dyspnea is a frequent symptom, whereas cough, ho.irsencss, 
palpitation, hemoptysis and dysphagia aie less common than dvspiitn 
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The observation of a palpable mass which is not necessanl) pulsating 
IS the most characteristic finding Tracheal tug and paral)sis of the \ocal 
cords occur m about a fifth of the cases Mediastinal a\idcning can be 
demonstrated by percussion m about half the cases When the aneuiysm 
is of considerable size such evidence of mediastinal pressuie as venous 
congestion and cyanosis may be obvious Audible caithac murmurs are 
not characteristic but when tliey occur in the presence of syphilis one 
sliould suspect that an aneurysm is present Roentgenologic examination 
of the thorax and especially roentgenoscopic examination are important 
aids in establishing the diagnosis of tlioracic aneurysm 

Abdominal Aneuiysm The symptoms of aneurysm of the abdominal 
aorta are meagei compared with those of thoracic aneurysms because of 
the greater freedom of expansion in the abdominal cavity than in the 
cage of the thorax In more than lialf of the cases reported by Mills and 
Horton symptoms directly referable to the aneurysm were not present 
The first intimation of the condition may be a palpable pulsating mass 
first noticed by the patient or by a physician during routine examination 
of the abdomen It is well to call atteniion to the fact that the normal 
abdominal aorta may pulsate unusually forcibly the so-called dynamic 
aorta and may simulate the pulsation of an aneurysm Vague abdominal 
pain may be complained of and gastrointestin il symptoms sucli as nausea 
cramps and diarrhea are occasionally noted 

The penetration of the blood stream through an atheromatous plaque 
with dissection of the middle coat forms a dissecting aneurysm Dissecting 
aneurysms are commonest in the aorta and constitute a grave com 
plication producing characteristic symptoms that are of great aid m diag 
nosing this condition According to Glcndj Castleman and iMiite one 
should suspect that a dissecting aneurysm is present when one or several 
conditions are encountered namely (i) Sudden onset of pain reaching 
Its maximal intensity quickly (2) tearing or crushing pain situated m 
the thorax but less often in the abdomen (3) pain lasting for hours or 
several days which does not respond to usual measures for the relief of 
pain (4) history of hypertension (5) severe prostration (C>) slight 
or moderate fever and leukocytosis (7) evidence of arterial occlusion 
(8) unexplained anuria and (g) sudden death 

Anewysm of the Penjiheral Arteries The common symptoms of au 
aneurysm of a peripheral artery are a pulsating mass and symptoms and 
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signs of pressure on the nene accompanying the artery The lesulis of 
pressure on ner\es is especially noted m cases of popliteal aneurysm in 
which peroneal palsy often results if the aneurysm is not remo\ed The 
tlirombus within the aneurysmal sac may interfere with the circulation 
to the extremity and results in ischemia, when complete occlusion occurs 
gang;rene may result 

Treatment* An aneurysm of the extremities often may be excised 
successfully The condition of the collateral circulation must be gnen 
careful consideration before excision is attempted Unfortunately, aneu 
rysms of the peripheral arteries are usually on an arteriosclerotic basis 
and the arteriosclerosis also affects the collateral arteries and reduces the 
potential collateral circulation The collateral circulation can be esti 
mated satisfactorily by employing the Moszkowicz Matas test preriously 
described m the section on Treatment of Acquired Arteriovenous Fis 
tula" (page 1679) If the thrombus has occluded the artery completeh 
and if there is little evidence of ischemia of the distal portion of the 
extremity, the collateral circulation can be assumed to be adequate 
Aneurysms of the penplieral arteries seldom rupture but iJiey frequently 
produce pressure on an accompanying nerve which may result in paralysis 
For this reason, it is justifiable to attempt excision of the aneur) 5 m if the 
collateral circulation is reasonably adequate ft is not wise to wait too 
long for a collateral circulation to develop, for die possibility of paralysis 
occurring during the waiting period must be considered 

Methods of obliterating aneurysms of the aorta and of the larger 
arteries of the trunk by electrolysis and by insertion of foreign bodies 
are not very satisfactory From the medical standpoint, a program and 
medication for reducing the blood pressure if hypertension is present, 
and the avoidance of overexertion may afford considerable protection to 
the patient If syphilis is present proper treatment sliouUl be insiuiiied 
and if congestive failure of the heart is present the usual relevant methods 
of treatment should be employed 

In certain cases of cerebral aneurysm, ligation of the hoinohteral 
carotid artery in the neck can be carried out successfully It is well to 
remember that among young persons tlie nrotitl artery may be ligntetl 
without risk whereas among persons whose ages are greater than 3", years 
the risk of hemiplegia developing increases m proportion to the age 
Before attempting ligation, 11 should l>e demonstrated that the patient 
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can Avithstand manual occlusion of the artery for as long as 30 minutes 
The operation should be performed under local anesthesh and a trial 
ligature should be placed around the artery If \ertigo, faintness, iveak 
ness or numbness should occur, the ligature should be remo\ed and pei 
manent closure should be attempted at a later date if sufficient collateral 
circulation can be developed 
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CHAPTER LVIII 


ARTERIOSCLEROSIS OBLITERANS 

IRVIM, S AVrioiit. M I) 

ETIOLOGY! 

In spite o[ the fart tiiat .n tci losclerosis has been long letogiii/ed and 
studied ne do not fidl) imdeistand the etiological factors responsible 
for us deselopineni This is m pait due to the facts that aitenusclerosis 
deselops sloi\l> througlv tlie years, tint laboiatoiy animals me not entnely 
sitjsfactoi-y for experimental pioduction of this condition and that a 
certain degree of confusion still exists as to the exact diagnosis in nnii) 
instant es 

Following Marchand s2 definition we consider arteriosclerosis to be 
a diseased condition of the aitery wall with thickening of the inner laser 
acciiiniilation of hpoid stibsianccs and degenerame changes after caltifici 
tion and distortion of the arteries The scxalled Monckeberg sclerosis 
is closely related with calcification of the media in the muscuhr arteries 
of the periphery and hyaline transformation of tlie arterioles wiili hpoid 
deposits A questionable rehiionsliip to certain factors does appirtnil) 
exist 

Age: In general ihcie is m man a pirallel incidence of incieising 
arteriosclerosis with incieasing age This is not, howe\cr, by an\ means 
constant Tliere are many instances of young persons ^r, to 40 years old 
with marked etidence of sclerotic changes and 111 contrast many indi 
\iduals 65 to 70 years old who e\en on jiost mortem examination re\eal 
surprisingly few’ signs of sclerosis 

Certain changes do take place in the arteries with increasing age 
Among tliese is the gradual dtiftise distention due to progressne dele 
noraiion of the elastic tissue Tins stielclung piocess occurs in the 
longitudinal as well as a cucular direction Fiom early youth iliere is 
a tendency to splitting of the internal elastic membrane which becomes 
more marked as the yeais progiess Arlenes are under lotigiiudiml 

(lf.01) 
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tension earlj m life but by the avenge age of 40 stretching his tihen 
place relieving dus tension ind fiom then on overstretching occurs result 
mg m tortuosit) This detenontion of the ehstic tissue with age is 
similar to processes which take place in all similar colloidal substances 



1 iGvgE j \riw;oid«o<M oWu«ar« X rjy of leg and foot slioivjng definite endcncc 
of attenosclerosi* of both the posterior iibial ami dorsal s pcdis ancr es This hniling is of 
value in esnbhshing the dtagnosis but does not deimnine v hctlier the sesseh are patent 
or dosed For this other tests tndt/cfirtg paJpatron o^tfooKtrtc rcadtogs antf somef/wes 
arteriographlc studies etc are essential 

Another change associated with advancing age is the progressive accii 
mulation of finel) divided calcareous material m the media This begins 
quite earl) m life becoming marled with the onset of senescence 

Winterniu and liis coworlcrs'i have recentlv published studies which 
suggest that the changes above mcntionetl ma) be secondar) to ininuic 
hemoirhages from the vasa vasoriim Tins will be discussed m detail later 
The fact that tlicre is not an exact panlJcJism between age and tlie 
development of sclerosis inclines ns to the belief tint age per se is not 
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the cause of these changes hut that thc) arc secondan to one or to .nan; 
of the (actors tiliicli inaj enter into the life of llie in’diiidiial during thc 
passage of time. Thc more sigiiificaiii of ti.ese possihililics uill be 
discussed. 



Figirf <5 ArlcruntlcrtxK olildoam \ ra» of fwi i\trii}ilf nnlmee fl 

irlcrioiilermi« flf ihc p<Mcrior tilml uhK nw thiKgc hi thc Onrulit jwtln Hin 

ittiittniei the mmner m which mcTHi^lcrosis may in\»he iMihinl sct{nicmc of tiic arirruf 
tree anywhere in ihe bod). 


Race and Climate: Studies «f the elTccis of race and dtiihite cm tlie 
dcselopnicni of arteriosclerosis liase thus far been uusatisf.irtor) and 
inconclusisc. Clinical obser\.iu«ns ha\c been iiicoinplcie b\ their scr> 
natuie. The cause of death, as rctorded. too frequentl} ignores the faitoi 
of ai tcriosclcrosis and |>ost-mortem records arc not available in saiisfaciory 
/oim and dctaij lor com^wnifive stiidiej on a l.irge enough sciies of cases 
Indirect observ-ations base been atteinjnctl b) anah/ing the cfTctt of these 
two factors on the blood pressure. If iliese studies ucre satisfactor) dies 
iiughf gne us sotne infonnafion rcgartling sclerosis, since it is esnriuud 
that about ts\o thirds of all oses of sscll marked arteriosclerosis fuse 
U>perp\csss,-t and that a rather larger proportion of Ji^jK’rpitics mas die 
fiom causes in which aneriosrlcrosis pla^s a part.-’*- *• Lbifortuintely. how 
ever, the blood pressure observations arc not at all conclusive due to 
ui.im f.ictors of error including the following. There are great diffeieucc* 
among various racial groups in the pcrcctiiage of the fKipuIition rnchuig 
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tfie ^gei most subject to ^rterloscle^osis Tiie lecords of tnuscs of dentil 
ate extremely inconsistent and inaccurate Theie has onlv lecently been 
worked out n standard method for recoidmg the blood ptessure so tint 
readings taken by one set of observers have l>een only rarely eomparable to 



Fkvrf 7 \rtcriosclcrosi« obliicnm Snilcretl pliques of rakinnuoi nlonp iht. 
coi iM of the feinonl incu m the »hij,h \UI«mi},li tim m Imii tin <ruierccl ilic 

\ ra) does noi indicate ihe extent of iniimal thicken n* nor the pic'c itx of thrombi uhith 
ma) produce occUn on of Mich » >e«cl ai anr time 

Fjcire 8 Vnenwlmist obhtcram artcnogrij hic Mii Iv m « Inch ihc kinoial 
artery ms oblilcraied in the mid lhi},li 1 in ccihtcnl I ta nhes rarrs il i I lood iroun I the 
obstruction niid lack into the fanoriJ arters |tist ilwnt the {Mpliteil spin 


those taken hy anoihei group Unless an exact st iiemcm of the method of 
observ-ation is included nliuh is toes laich the case such studies are of 
doubtful value \o attempt will be made to anih/e all of the literature 
in tins connection as it has been ablv done by Slocks h in tlier, more care- 
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full) conttolled. studies sliould be directed to the detcrmiintion of the 
effect of climatic changes on the dereloprncnt of arteriosclerosis to the 
rariations between different races m the same location but not their own 
countries to the sanations Iretween differenl races lising in llieir own 
cotintnes and to the relation of social class and occii;iatioii 



F»c\* 7 9 obUicranv \n artCT»ogTapUic «ud\ lUustmiii;’ a cotnil 

canon of ariCTio»clprwn otlncram n3mc|> \ fal*c annir>sm in thr poolncal »p.«fe 
prcducctl bv a split W '""R IbToiiRh a aUifinl pbqiir in the piiplitcal artoT 

Tins had been presicm»l) diattnos^ as a tumor the aricno;^am danfjin^ the d aRno'is. 
The clot Vi-as r^o»cd the slu carefully repaired and remforml and a prcuouih ton 
demncil leg n'as resit r«l to normal 


Nutrition There is no doubt tint diet is of pnnnn inifKirtance in 
ihe nnintemnee of hciltli and ihc idueitmeiu of lon^cvits There are 
sc%t.r\l in \sluch nuirition im^ possibly inniiciice the tlciclopnicnt 
of arteriosclerosis (i) Qu'imintuc dc\iaiion from the opntml ditt 
that IS o%cr or undersuppls of total food 10111.1. or ni\ of the necessary 
constituents such is titamins proteins fits mincnls etc (2) chin^rs 
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of the ratio of one foodstuff to -inotlier JH the diet ( 3 ) abnorinal reic 
tions in the diet to optimal nutritional intake such as ma> occur m 
metabolic d)scrisias gastromtestinal diseases and other pathological con 
ditions "No eMdence has been found that chronic o\cr or imdernutntion 
of a purel> caloric natme has an> influence on the development of 
arteriosclerosis in animals (Weiss and Minot-) Unbalanced diets of 
\arious types on the other hand have resulted in changes similar to 
arteiiosderosis in man Rabbits fed on diets of meat 7 eggs and milk 
dried pon dered organs (liver adrenal thymus) 9 or cholesteioUo develop 
an arteriosclerotic type of lesion 

experimental studies dealing with inoigimt substances have failed 
to demonstrate that disturbed inorganic salt metabolism is in any way 
a primary factor in t(ie development of arteriosclerosis 

It has been repeatedly noted that hypervuaminosis D produces changes 
in the vascular system with the deposit of calcium plaques These lesions 
are not however, characteristic of human arteriosclerosis The lesions 
occur primarily m the media instead of the intima and the changes 
result in calcium deposits rather than lipoid ciianges n No evidence has 
been produced demonstrating a definite relationship between the excess 
or instifiiciency of other vitamins and the development of aiteriosclerosis 
Adequate studies are lacking m this regard however In man despite 
clinical impiessions there exists no proof that ovemutrition leads to 
arteriosclerosis Remarkably soft arteries are frequently found in obese 
patients Evidence is also lacking that undernutntion is ever directly 
responsible for arteriosclerosis No increase in incidence has been 
reported among the peoples of Central Europe who suffered from marked 
malnutrition during the ^Vorld War The children of that era have not 
yet however reached the usual age lor the onset of sclerosis and wc mvisi 
wan to see vvhether dietary deficiency in early childhood manifests itself 
m aiieriosclerotic changes in early senescence 

^Vhile some physicians hold that an abnormal ratio of various food 
substances especially in the form of a high protein intake increases the 
incidence of arteriosclerosis conclusive evidence to substantnic tins is 
lacking Eskimos living on an animal tissue diet do not show an 
increased evidence of renal 01 vascular disease 12 Many studies of various 
racial groups and dietary regimes fail to establish proof of a rclaiionsliip 
to sclerosis Of interest are the studies of Rnfferl^ svho performed 
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lutopsies on o\er 800 Mohimmedin pil^ims and found lUtnosclLrosis 
to be IS common ns m Europenm Tins xs sjgnilicnni in tint these 
indindinls ne\ei tike nltoho! 

tit Ins been consideied a {xxtentn! cnisc of nrteuoscleintit changes 
but this has not been established m man b) contiollcd obsersations 
The animal studies dealing a\ith tins piobitni ha\c already been dis 
cussed JoslinU and others ha\e fell tint a factoi in the picnnture 
deselopment of artenoscleiosis in diabetes Ins been eveessne fat m tlic 
diet body tissues and the blood This is frequentK elesated in diabetes 
but It should be appreciated that diabetes is a disease affecting tlic general 
metabolism and the roles of the \ariom factors hate not been fully 
esahnted In nephrosis and certain tyj>es of nephritis high cliolesterol 
content of the blood is found asscKiated s\uh eaily tlesclopmciu of 
arteriosclerosis In these diseases as well as diabetes 11 seems probable 
tint the factors at xvoik may be endogenous rather than dietary Careful 
obsenations must nou be made oxer long periods of time of the cITcet 
of the high carbohydrate low fat diabetic diets on the ineidenee md 
sexenty of arteriosclerosis in diabetes 

In addition to the aboxc mentioned <Iata dealing XMth Molnminedaii 
pilgrims theie is much rather conclustxe exidencc tint altohol is not 
responsible for the dex elopment of ai terioselci oms 1 5 Pailiologieal studies 
slioxv no increased incidence in alcoholics as against nonalcohohcs ic 
In fact some workers bcliexe that it may retard the dexelopmeiu of 
scleiosts as it is a cholesterol soixeiu and hence tending to prexent it 
from precipitating 1 " 

\o conclusixe exidenre is axailable regarding ilie elfecis of xariations 
in the inorganic substances nw hiding the salts on the dex elopment of 
arteriosclerosis despite the rather commonly held theory that an e\ccssnc 
intake of sodium chloiide may faxoi the occurrence of aueiial disease 

Artenoscleiosis may on the other hand interfere markedly with the 
normil nutrition of the bcKlx Exen x\ith a normal intake of piopcrly 
balanced foodstuffs these patients often lose xx eight dex clop deficiency 
diseases and the tissues may l>e seen to undergo marked atroplix Since 
the intake may be adequate the explniation for this appears to be on 
the basis of faulty utilization Tins interference max take place at ihc 
point of absorption an intermediate metahohe disnibiition or storage 
point or at tlie aiea of utilization namch the cell to be nourished 
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This tell suffers no irnttei ^vhere the interference occurs In oulei to 
compensite diets rich in pioteins Mtnmins and fruit should be used 
The problems of dietii) influence on longe\it> ln\e not been satis 
hctonly studied and ainly'zed The effects of diet must be observed 
throughout an entire genentton or setenl generations before conclusions 
ma) be draivn The span of life ol certain louer animals can be affected 
by changes in diet 19 and theie is a strong probability that such is the 
case in man Contrary to frequently expressed theories differences in 
hfe span on this basis may not be dependent on arteriosclerosis alone 
but other conditions such as lowered resistance to infections deficiency 
diseases etc may play an even larger pan Sherman‘’o states that the 
heiieht of better feeding usually becomes fully apparent only when it 
IS Continued thioughout a large pan of the hfe cycle and often benefit 
IS greater to the second generation than the first 

Perhaps when we know more about the foods lending to cause and 
to prevent arteriosclerosis we will be able to affect its incidence in man 
For the present an attitude of scepticism appears jiisnriable until further 
studies are produced 

Infections Acute and Chronic The whole problem of the relation 
of infections to the development of aitenosclerosis can he suminariied 
as follows In sfyite of exhaustive suncas and expemncntal tiork ll ere 
IS little ciulence in favor of the idea that infections play an important 
I art in the j athogenesis of arteriosclerosis Following typhoid fever there 
are frequently deposits of hpoids m siieaks and patches in the intima 
In tuberculosis rheumatism aithritis streptococcus \iridins infer 
tioiis and m glomerulonephritis there is no special tendency to the 
development of arteriosclerosis (MacCollumi) 

Heredity hile much evidence has heen advanced to show a marked 
hereditary tendency in the incidence of hyj>ertensjon and this by infer 
ence applied to arteriosclerosis (Wilhamsi) the direct evidence applying 
to scleiosjs IS less conclusive It does appear however that m certain 
families the occunence of the symptoms and patJiology of peripheral 
arteriosclerosis occurs at a younger age group than m others 

One must consider however m any sucli group the average age of 
these finuhes as compaied with others the type of work they engage in 
the worrv and stiain of their lives their dietary habits and other factors 
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In other words, the total en\jronmeiit of these individuals as com|xired 
with any groups taken as controls. 

Worry, Exercise, Hard Work: These factors lia\e long been con- 
sidered as possible contributing causes to the development of arterio- 
sclerosis. It appears that there is an increasing incidence of arterioscler- 
otic manifestations, especially among the classes who, because of our 
civilization, have added responsibilities w'itli great mental strain. One 
must be cautious about drawing such concUisions, bmve\er, since these 
classes are now in general subjected to diagnostic studies uhen indicated, 
thus improving the percentage of correct diagnoses. Fonnerly, this degree 
of diagnostic skill utis not available. 

It has been recognized for some jears that tlic sclerotic plat] ties are most 
often found at the site of greatest strain of the artery, that is, where bends 
occur, where branches are attachetl, or where the artery is affixed to a 
nearby bone. have seen marked localization of arteriosclerosis in the 
vessels of the feet of former ailileies who have subjected the feet to severe 
stress and strain as, for e.vample, hcrossc and hockey plajcrs, hurdlers 
and cross-country runners. This problem needs further, more complete, 
study. 

Lead: Lead has been definitely considered as capable of prcKlucing 
aneriosc^exoiic changes in man. Examples oi \his syndtinne in ptinttvs, 
painters, and plumbers arc often cited. Recently, however, the question 
has been reopened and cannot be regarded .as finally settled. 

Manganese: Manganese lias also been suspected in this regard. While 
perivascular infiltration has been reported, the changes arc not character- 
istic of arteriosclerosis. 

SIGNS AND SYMPTOMS OF ARTERIOSCLEROSIS 
OBLITERANS AS IT AFFECTS THE EXTREMITIES 

Arteriosclerosis must be regarded as .a generali/cd disease svith essen- 
tially the same type of process polcmially taking place in any or all of the 
arteries at one time. ^VhiIe our discussion svill, for the most part, l»c 
confined to the effects of this process on the extremities, it must lie 
pointctl out that occlusion of any arteries in the body interferes with the 
nutrition of the supplied tissues and hence initiates signs and sjmptoim 
svhich should aid in making the correct, but often overlooked, diagnosis. 
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1 Atroph) of tlie skin ind nails iviUi poor growth and brittleness 
of the latter is often the first sign This is frequentl> not noticed or 
incorrect!) interpreted but when noted especially in persons oicr 40 
)ears old should indicate the need for a lascuhr examination of the 
affected extremity The atrophy of the skin is frequently accompanied 
by lack of si\ eating 

2 Atrophy of the muscles often accompanies this syndrome with 
marked loss in circumference of the extremity and total u eight of the 
individual 

3 A, common syndrome which develops early is the combination of 
pallor on elevation and rubor followed by cyanosis on dependency of the 
affected extremity 21 One of these signs may be present without the other 
but usually both can be observed to some degree ^Vhen present without 
infection they are significant of lascular impairment It should be emphi 
sized that the palpation of an active dorsalis pedis or posterior iibnl 
artery is not enough to disprove (his conclusion in a given instance since 
the occlusion may be peripheral to the point of palpation The color 
depends on the blood contained in the minute vessels of the skin and 
subcutaneous vessels With impaired circulation when ilie extremity is 
elevated the blood drains quickly into the deep veins and is not replaced 
npidjj enough becouse of the tmdequate arieria) suppi} The re5MJt 
IS gradually increasing pallor to the point where tlie flesh appears almost 
pale yellow in color On dependency the blood stagnates in these vessels 
not being moved along because of the lack of arterial pulse pressure and 
other factors at first producing a rubor winch slowly becomes cyanotic as 
the oxygen in the blood is utilized If the temperature of tlie limb is 
low 10° C (50® F ) the blood will not part with us oxygen the minute 
vessels are damaged somewhat and dilate and the skin becomes bnght red 
in color even tliough the blood flow is small Thus increased heal tends 
to increase cyanosis if the blood flow to a hmb is arrested 

4 At the time that the observations for rubor are being made the 
venous filling time22 should be noted as follows Following elevation 
of the feet above the heart level sufficiently long to produce collapse of 
Uie superficial veins the feet are quickly dropped to a dependent position 
The length of time necessary for the veins of the feet to fill up becoming 
prominent is determined Normally this should occur m ten seconds 
or less Longer periods of time indicate impaired arterial or capillary 
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arculation roughlj m proportion to the amount of dela>. One uaming 
ihould be given. The observer must be most careful to be certain that 
the filling takes place from below uptvards {from the distal portion cen- 
trally) not from above dots mvards since the latter action maybe the result 
of incompetent venous v’ahes permitting back floir. 

5 In our experience edema, rarely, if ever, occurs as a result ol 
arteriosclerosis alone. This is logical since the fluid is not dammed back 
and the venous pressure tends to be decreased rathei than increased As 
a coincidental finding, however, it is common since in this age group we 
have a marked incidence of heart and kidney disease and of mitritioml 
deficiencies all of whicli may be the cvplanaiion of edema as it occurs in 
these patients. 

6 The patients frequently complain that the foot or hand is cold 
and that it is very difficult to warm it up. Actual studies of die surface 
temperature confirm this observation in these patients and also in many 
others who do not appear to be conscious of the lowered temperature 
which accompanies arterial occlusion unless the collateral vessels have 
taken over the burden of the dradaiion satisfactorily. The normal skin 
temperature in a room of average temperature so lo 25® C. (68 to 74® F ) 
should average from 29 5 to 33 90® C. (85 to 93® F.) but many extremities 
with adv’anced arteriosclerosis persistently maintain temperatures as low 
as the level of the room temperature. 

7. Accompanying the sensation of coolness, numbness and “pins and 
needles” are often mentioned by the patient. Occasionally the feeling 
of formication is also noted 

8 The artenes may he found to be tortuous where tliey can be 
observed or palpated, / e , the temporal, radial, brachial arteries. On 
palpation they are firm and not easily compressible. Fiequeriiiy vbtv 
are hard either uniformly or in scattered areas where calcification has 
taken place It is hardly necessary to say that when occluded no pulsation 
can be felt. 

9 Fatigue and weakness are common presenting symptoms of sclerosis 
The usual complaint being that after walking a ceruiin distance (e.g- 
one to si\ blocks or upstairs) the muscles of the legs or feet become 
unusually fatigued. This svmptom increases until it becomes the paiu 
of intermittent claudication. 
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10 By pain of inlermittent clandicatwn ive mean die nbiluj of tlie 
patient to walk a limited distance at a\hich point a cramplike pain in the 
muscles of his loiser extremity forces lum to come to a dead stop Follou 
mg a feiv minutes of lest the patient can then go on foi about the same 
distance before similar symptoms once more foice lum to stop This is 
perhaps the commonest syndrome aihicfi brings the arteiioscleroiic 
patient to his doctoi The pain most tommonl) occtns in the muscles of 
the arches calves or thighs and is characterized by a feeling of dull aching 
fatigue or a sense of craniphke constriction m the affected muscles The 
seventy of the claudication is frequently increased by cold ueather It 
is also made more severe by walking rapidly oi uphill As the disease 
progresses with blockage of the larger vessels flit aieas of chudication 
pain ascend the leg until the time v\hen the thigh is involved and the 
vessels of tliat area are found to be occluded 

It should be noted iiowever that in some patients the major trunks 
may be patent whereas some of die branches supplying important groups 
of muscles may be occluded This must be differentiated at times fiom 
types of rheumatic or arthritic pain In addition to tests for vasculai oi 
joint damage we have found it helpful to question the patient as to 
whether he has to sit down to get relief The patient whose problem is 
in the joint wswalJj Jns to take the load oS ibai joint to obtain leJief 
whereas the pain due to ischemia (true claudication) can be relieved b) 
merely ceasing to actively exercise the muscles 

Tlie explanation for this seems Jf^jcal in the light of our present 
understanding of the cause of claudication pain It is apparenil) tlie 
result of some chemical substance accumulated during muscuhr contraction 
v\hen the blood supply is deficient This syndrome can be readily repro 
dttced by tfie apphoitron of a foirmiqtfct boitttfi tightly enotigh iroiine} 
an extremity to occlude the arterial blood supply following which exercise 
IS undertaken Rothsa has shown that lactic acid of the venous blood 
of the affected extiemity increases sharply after exert ne in cases with 
occlusive vascular disease to essentially the same levels as in nonnal 
controls but this is not consistently parallel to tlie intensity of the pain 
Whereas claudication pains in the calves usually indicate occlusion of tlie 
popliteal arteries we liave seen a number of patients with this location 
of typical claudication pain and with the major vessels open down to and 
including the dorsali pedi and posttibial arteries IVe have explained 
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this as indicaung imohement of branches supplying groups of calf 
muscles, and this has been demonstrated b> artenc^phic studies This 
particular phenomenon has been noted more commonly m arteriosclerotic 
patients than in cases with thromboangiitis obliterans but does occur 
frequently in the latter disease also 

1 1 Pams at night frequently occur in the calf and thigh muscles of 
artenoscleroiic patients Tliey are typically cramphke in nature and are 
believed to be due to a local ischemia which results from stagnauon of 
the blood flow with secondary utilization of the ovygen and the accumu 
lation of toxic waiste products in the tissues 

12 Occasionally a patient is seen v\ho has tlie most terrific rest pains 
in the feet with no demonstrable lesions aside from atrophy of the skin 
and muscles We have seen examples of this so severe that despite all 
present-day raetliods of treatment amputation was required 

13 In general, however, the pain of arteriosclerosis is apt to be less 
acute, rather more of a dull, aching nature and 11 frequently accompaiues 
the development of ulcers 

14 The ulcers of arteriosclerosis tend to occur .about the toes, ankles 
or anterior tibia surface They are usually dry rarher than moist in 
nature, unless secondarily infected, which of course is rather common 
They extend rather slowly, are often undermined on the edges and may 
develop a black eschar type of base They may cause remarkably little 
acute, sharp pain, unless infected These lesions commonly follow some 
trauma such as occurs in paring corns, or nails too closely or stubbing 
the toes The damaged circulation v\ill not properly care for even such 
a slitrht degree of trauma and an ulcer develops which may never heal 
In a sense these ulcers represent the first stages of a gangrene, since they 
are perpetuated by inadequate blood supply to the are.i 

15 Gangrene in artenosclerosis may be limited to a small area or 
massiv e depending on the sue of the v essel inv oh ed and the completeness 
of Its obliteration Tlie closure of major vessels such as the femoral 
arteries may take place, however, without the development of gangrene 
if the collateral arteries have uken over the burden of supplying the 
tissues to an adequate degree When gangrene does develop it may begin 
as a small bluish spot commonly on one of the toes, gradually spreading 
eventually to involve the entire toe, foot or leg, at other times an entire 
toe may be involved at once due to occlusion of a supplying artery. 
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if a major \ essel occlusion suddenly occurs an entire hmb may turn bluish 
black at one time These gangrenous areas are frequently, though not 
alunys practically painless They frequently progress to a di-y mummified 
state unless infected ^Vhen mummified they tend touard self amputation 
Frequently surgery is necessary to complete the severing process Careful 
ivaich must be kept of the patients general condition as the gangrenous 
areas spread If evidences of toxicity b^m to develop then amputation 
above the level of occulsion if possible should be done promptly This 
IS especiallv important in diabetic patients with arteriosclerotic gangrene 
Methods for determining the correct levels will be described below 

The suddenness with whidi occlusion may occur in arteriosclerosis 
IS not perhaps widely enough recognized An artery may have sclerotic 
plaques along us walls for years without niucJi interference with its func 
tjon Suddenly however a thrombus may form about a proinidmg por 
lion of 1 plaque and occlusion may take place within a very short lime 
Many such episodes have been incorrectly diagnosed as embolic phe 
nonienon In the presence of auricular fibrillation the differential diag 
nosis may be very difficult Fortunately the treatment which will be 
outlined below is essentially the same for the two conditions 

Findings by Means of Special Examinations In addition to tareful 
history taking and obsenation based on the above outline which will 
frequently be sufficient to establish the diagnosis there are additional 
tests whida will help to confirm tins impression and to establish the 
amount of damage involving the cnculalory tree 

Oscillomelric readings are very useful m determining the patency 
of major vessels and the level of their occlusion After a study of many 
thousands of these readings we feel that there has been a tendency in 
some quarters to ovennierprcl and to draw umvamnied condiisions 
from such studies It appears unwarranted to attempt a definition of the 
type of sclerosis involved but if we confine our interpretation to the 
level of occlusion which is what the machine actually determines valuable 
information can be obtained 

By increasing the air pressure in the cuff to the point where no pulsa 
non IS noted and then lowering it to mm of Hg at a time recording 
the degrees of pulsation at each level it is possible to plot a curve The 
shape of such curves has been the cause of much study but for practical 
purposes the important point is that of maximum pulsation and the 
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iiiioiint of pulsation at tint point should he noted W hen the un3or \esstls 
lie functioning pulsation mil be noted When the) are not functioning 
no pulsation t\ ill be seen This is much more reliable than palpation since 
such factors of error as pulsations of the examiners lingers and aberrant 
locations of the t essels are eliminated rurthcimore b) moMng the insirn 
ment up the calf oi thigh the let el of closure can be ascertained u here palpa 
tion IS obtaousl) impossible Readings should be made in a nxnn ulitit 
ilie patient is narm since chilling maj produce spasm of the tesscis and 
diminished pulsation Tlie aterage noimal readings at tanons levels are 
as follows 

Lrc \rm 

Arcli of foot Hand 

Above ankle l®to 3® Above wrist l®tQ3® 

Below knee 2* to o* -Vbovc clbovs 2*to8® 

Above knee 2® to 10* 

Oscillometnc readings do not give us infornniion about the col 
laieial circulation which mi) take o\ei the burden of the major vessels 
quite saiisfacionl) when the latter are occluded This we must deicnmnc 
b) othei methods outlined below 

Surface reinlietature Studies It is often (pme unnecessai*) to me 
a thermocouple to determine b) the skin temperature that the ciicnlation 
IS impaired AVhile iiomial extremities ina) be cither cool or warm a 
marked difference between ilie two sides is ver) significant wlicn ilic) 
have been exposed to the same environmental stimuli for the preceding 
hour or more This difference even when oiil) a fraction of a degree 
centigrade can be reidil) recognized b) the examiner s hands The dorsal 
surface of the cxaininei s fingers is esjieciall) sensitive for this lest In 
arteriosclerosis the cooler cxtiemit) has the most markedl) impaired 
circulation If one wishes to record the difference and actual levels a 
thermocouple or radiant heat measuring insirument should be used 1 he 
readings should alwi)S be interpreted taking into consideration the room 
temperature and no readings should be considered as indicative mini 
repeated readings taken m a given environment fail to show fluctmiioiis 
of more than i° C 

Reflex Vasodtlaltou Tests Numerous tests Iiavc been dtscrihed tn 
produce reflex vasodilation and hence in a sense measure the potential 
arterial blood suppl) available at a given time Thev are based on the 
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obsemiion thit if one part of the body is markedly farmed vasochhtion 
\mH take phce m otliei parts espeaally of the extremities If this is done 
in normals the tempeiature of the part being tested can be ele\ated to 
3" 9 to 33 9° C (91 to 93® F) If the circulation to a given extremity is 
impaired inaikedly there may be no rise above 100m temperature All 
degrees of impairment may be noted between these extremes 

Landis and Gibbons suggested immersing the unmvolved pair of 
extiemiiies m hot water 433 to 443® C (no to 112“^ F) for 20 to 40 
minutes iMaddock suggested wrapping the patient in blankets and hot 
water bottles The use of a heat pad on the abdomen 01 wiapping both 
aims m a heat pad is satisfactory Othei methods such as blocking of 
die pioperly selected neives (c g posteiior tibial 11 for the feet) spinal 
ind general anesthesia etc have been used but are usually unnecessaiy 
except as a check on the simple methods in doubtful cases 

A. Tays-^riat Plates especially by means of a soft tissue lethnic ire 
useful for determining the presence or absence of arteriosclerotic plaques 
along the course of the vessels under suspicion They have in the past 
however been the source of great eiTors in inteijiretauon We cannot 
tell by the degree of sclerosis noted whethei there is occlusion of the 
vessel or not \ essels showing the most chaiacteiistic pipestem calcifi 
cation have proven on autopsy to be patent throughout and conveisely 
vessels showing only a few scattered plaques have been occluded high up 
in the limb if the plaques located there happened to pioduce a thrombus 
at that level This point is not sufficiently well appreciated by the medu il 
profession as yet 

ArteriogialJhy Perhaps the greucst amount of infoimation regird 
mg ihesiaie of paieiicy of the collaieial as well as the mam trunk arteries 
can be obtained by the use of a radiopaque substance directly injected 
into the arteries and \ rayed while m these vessels The substance most 
widely used foi this puiposc is tliorouast (thorium dioxide sol ) It has 
the theoretical objection of being radioactive and being stored m the 
icltculo endothelnl system where its radioaciiviiy may be dangerous 
For arteriograms only ftom 10 to 20 tc of this substance is used and we 
have knowledge of thousands of such injections with complications of i 
minor natuie only and much rarer than with transfusions or the use of 
irsemcals Large senes of cases have been followed after the injection of 
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73 cc for hepato or spknophoiography ^aier has reported Uus to be 
an innocuous procedure eien in these doses 

The technic requires close cooperation betueen die operuor and tlie 
roentgenologist Certain operators cut down on the artery (bradnal or 
femoral) to insert die needle but r\e base not found dus necessary merely 
locating the artery by palpation and inserting the needle therein This 
IS occasionally difficult especially m obese patients A size i6 to i8 gauge 
needle is used and after about 8 to to cc of the ihorotrast has been 
injected the xray operator begins to take pictures the e\,tremity hating 
been placed properly before the procedure was started Serial plates 
t\iil show the opaque substance in the mamtrunks collateral tesscls 
arterials tenules and teins Points of blockage and collateral repair are 
clearly seen Effects of treatment can be folloued by a rechcck momlis 
later It should be noted that the point of apparent blockage may in fact 
be a point of spasm tthicli extends up the vessel walls well above the level 
of the organic occlusion We have seen this released down to the latter 
level m the legs following a spinal anesthesia No evidence of serious 
leakage of the arteries has ever occurred in our expeiience 

This must be classed as a useful procedure especially where detailetl 
studies are being made and where proper facilities and well mined 
workers are available It is not necessary for routine study in most cases 
of arteriosclerosis 

Numerous other substances have been used such as skiodan and 
uroselectan but tliorotrast is less painful less apt to produce a slough 
and generally more satisfactory than any so far advocated 

Histamtne Flare Tests Histamine flare tests have been advocaiwl 
as a test of the circulation FoIlovMng tlie injection of histamine intra 
dermally a flare uoriually develops extending i to ■> cm from the site of 
injection If the circulauou is impaired this flare does not develop sans 
factorily It appears to us to be a test depending on tlic superficial rather 
than the deep circulation and the factor of the state of tlic lymplntic 
vessels seems to play a part If a senes of injections aie made up a leg 
a rough idea of the level of impaired circulation may be gained by oker 
vation of the reactions PerlowS-* feels that the temperature to which 
the wheal rises is more important than its size— normal wheaU reaching 
a temperature of 33 C to 34 C (gz 5 to 9^ j® F ) for *he upper eviremi 
ties s**® C (896° F) for the feet 
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Measured Work Tests: If a patient is made to u-alk a certain dis 
tance or up a (light of stairs at a fixed pace and obse^^'ed for the onset 
of claudication pains and the point be>ond which he cannot proceed, 
laUiable infoimation ndll be gained for comparison tvith future studies 
after ueainient. 

Similar observations, perhaps, more accurate, can be gained b> the 
use of various types of ergometers in which the patient lifts a u eight b) 
means of a walking motion such as we use, or where the patient is forced 
to contract his muscles by Faradic electrical stimulation (Landis and his 
coworkers) until the muscle can no longei function 

PATHOLOGY AND PATHOGENESIS 

AVhile arteriosclerosis is sometimes present in the relatively young, 
and wliile occasionally a peison may reach the seventh decade with few 
or no observ’able sclerotic changes, it is, of course, common knowledge 
that the curve of incidence and degree runs roughly parallel to that of 
increasing age. 

AVhat then are the actual changes winch take place in the arteries 
vsith increasing age? As lias been stated the most striking change is that 
of distention due to the progressive deterioration of tJie elastic tissues 2t) 
This is especially found in the larger arteries and takes place in a longi- 
tudinal as well as a circular direction, thus accounting for the tortuosity 
so commonly observed. Dining an individual’s lifetime there is also an 
accumulation of calcareous material in the media From early youth 
there is a tendency to splitting of the internal elastic membrane uliich 
becomes more complete with increasing age. A fibrosis of the media is 
commonly observed with age but there is some question as to whether 
tltis IS purely pliysiological As this pre^esses a tendency to c.aIcification 
is seen The question as to the relationship of the fatty streaks so com 
monly seen in the aorta of young individuals to the development of 
arteriosclerosis is at present being debated and is unsettled. 

Microscopically the cells of the intima in these areas aie swollen, 
edematous, and loaded v>ith fine anisotopic lipoid drojilets consisting 
largely of cholesteral f.it. This fat may be deposited in either the sub- 
endothelial layer, the musailoelastic layer or both. Possible causative 
factors are: (a) Cholesterolemia; (6) infectious diseases; {c) njech.inic.al 
influences; (d) the inherent condition of the vsall of the affecied blood 
vessels. 


a— 47 
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In studying tlie pathology of arteriosclerosis a considerable \ariciy of 
lesions is found tvhich appear to be stages of devclopmciu of the same 
process. The atheromatous type of plaques seen in the aorta wall may 
be found in other large arteries and develop as small round grayish or 
yellowish spots which begin to project on the inner surface of the blood 
vessel. These gradually fuse into irregular, large plaques projecting 
further into the lumen. The development of fibrous tissue makes many 
of these become milky white, while the fatty parts break down, becoming 
mushy. From this point either of two processes may take pkacc. The 
lesion is sealed by the formation of a calcareous plate or the softening 
material breaks down, producing raggetl ulcerative defects at the bottom 
of which there may remain necrotic material. Thrombi may then form 
and cover these ulcers. 

Similar lesions in the arteries of the extremities do not usually contain 
as much lipoid material. Muscular arteries show much more extensise 
involvement of the media. Tliis probably explains the dilation and 
longitudinal stretching as well as the dcrclopmcnt of aneurysms. \Vlulc 
the large arteries become dilated the smaller ones tend to become nar* 
rowed by atheromatous plaques and completely occluded by thrombosis. 
The arteries to different organs show variations in the manner of dcsclop- 
meat of arteriosclerosis. Our interest in this discussion must he focused 
on the vessels of the extremities. As cxpliinetl alios e there is successive 
splitting of tlie intima wJiich in senility results in a n).irked thickening 
of this layer because of the secondary deselopmcnt of fibrous tissue. This 
thickening is irregular, resulting in the lumen becoming eccentrically 
located. Degeneration and necrosis invohes the intima and media ssith 
the fIe|K)stt of cholesterol crystals. Fibrosis itnohes the mcdi.i .and adicn- 
titia. The arteries then hccarnc caJciRcd by titc dei e?of»mc«t of circiihr 
solid deposits of calcareous material at the more or less ohlltcraifd disid- 
ing line between intima and media, the “pipestem” effect. 'I he final 
closure is usually due to thrombosis. Tlie process in diabetic cases it 
essentially similar. 

Monckeberg’s Sclerosis: In the arteries of the extremities a tliffcrcni 
type of arteriosclerotic process is sometimes found (Monckeberg, ujoj). 

In this we find primary necrosis and calcification of the media ulihh 
is not necessarily associated with intimal lesions. This is cntirclv different 
from atheroma in location and microscopic picture. The arteries arc 
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convened into solid tubes The deposits may be platelike, circular or 
tubuhr This type of sclerosis occurs more frequently in the loiver 
extremities than tlie upper Monckeberg thought that it ivas a difFerenr 
piocess than the atheromatous type but they occur so frequently together 
that It IS probable that they represent different manifestations of essen 
tially the same phenomenon 

Recent Studies The abosc descriptions represent m outline the 
older generally accepted concepts of the production of arteriosclerosis 
More recently Winternitz^ and lus couorkers have introduced evidence 
to show that arteriosclerotic processes may originate and progress m a 
somewliat different manner It is of course entirely possible that ue 
will find that several types of mechanisms may be capable of initiating 
these processes 

In the studies of I\hnieriutz tt al especial emphasis has been hid on 
the importance of the mural vascular channels ilie vasa vasorum in this 
picture It was noted that very frequently small hemorrhages fresh and 
old were found in the walls of the vessels associated with arteriosclerotic 
clianges that they frequently proximaied the onfjces of smaller arterial 
branches as is the case with sclerotic changes and that in certain instances 
small vessels were associated with these hcmoTrlngic areas Careful dis 
section and study has demonstrated fine networks of blood filled capil 
lanes on the intimal surfaces of the vessels especially in the region of 
sclerotic plaques It has previously been demonstrated that vasa vasorum 
are present in the adventitia and the outer half of the media Careful 
clearing meihods reveal the relalionslnp of these vessels hemorrhages 
and calcified plaques to be such that it appears that liemorriiage from 
these small vessels eventually may result in the arteriosclerotic plaques 
of arteriosclerosis Afural vascular channels have been found to be the 
site of pathological processes in arteries including (i) Occlusion by 
thrombus (2) stasis of blood with lith formation (3) obsiiuction and 
closure by overgrowth of the surrounding connective tissue (4) and 
degeneration and necrosis in association with s milar involvement of the 
tissues of the vessel wall 

AVhy thrombi form readily in some instances of damage affecting ihc 
iniinu of certain vessels and not elseulicrc wheie the d image is grtaicr 
IS as yet an unsolved problem Tliere mav be a reluionship 10 the 
coagulating elements of the blood or to certain coagulating factors associ 
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ited null local cellular changes The organization of the thioinlius 
1 ithin a ^essel is characterized b> the disintegration and digestion of the 
blood elements accompanied b) grouth into tlie clot of cajiillaries and 
fibroblasts together null man) mononuclear phagocytes This process 
extends until dilated sinusoids conneaed nith tenuous narrow branches 
canalize the clot which m turn calcifies in otlier areas This may result 
m rather bizane formations of aascular channels incorporated as pan of 
the mam lumen of the vessel involved These channels are at least 
frequenti) pnmanl) extensions of the visa vasorum of the vessel wall 
Thrombus formation ma) be initiated at times b) exudative processes 
It IS of interest that relativel) fevs of the ves.sels of the vasa vasoium 
have been demonstrated in the arteries of >oung individuals 

Numerous precipitating factors for these minute hemorrh may 
be menuoned dietary deficiencies especially of vitamin C hcmoulngic 
diathesis of various types increased capillary fragility of other types 
including chemical poisoning pirtsiuc infection and other causes 

These authors conclude that while hemorrhage and perhaps lesser 
exciLations are not the only source of the materials that form atheronn 
tliey are potent contributing factors Certainly the hemorrlngic necrosis 
of intimal tissue already laden with fat filled cells results in the most 
extensive coalescence of hpoid materials in which cliolestenn crystals 
and the debris of cells are found— calcification of the lesions of the artery 
wall IS not a process which differs from calcification elsewhere The 
primary requisite necrotic tissue preferably rich in hpoids is foiiiul in 
abundance in the vessel wall 

Leary*’" has already challenged these studies as being mconchtuve 
While the evaluation of this approach must rest with further study 
and time it should at least greatly stimulate interest m arteiiosclcrosis 
as a biological phenomenon other than purely degenerative in nature 
True and False Aneurysms in the Peripheral Artenes The j ureh 
dilated saccular and dissecting aneurysms are rather commonly notcil 
and recognized as occurring m arteriosclerosis False aneurysms ire m 
oui experience less correctly diagnosed They may occur at any f)omt 
but usually where stress and strain is common as at the pcrpliiea! spare 
The sclerotic artery actually splits or erodes through a plaque v itli a 
resulting hemorrlnge into the surrounding intracellular space \ Hot 
qmcUy forms which packs in firmlv forming v alls v Inch nnv l»c m 
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linn inch in tJnckness md imde up of all of the elements of an 
old thiombus 

Arltiiola} chaiigis im) be the dominant factor m the pictuie and 
maj be Instologtcallj divided into three mam tjpes 2 G (ij Intimal 
hyahutzatton nhich is the arteiiolai cotmterpart of simple arteriosclerosis 
nioic widespread and seieie with adxancingage (a) Medial hypciiiolihy 
nijrf rftg 6 ncrntio)i whuh resembles changes folloxung distention of any 
holloav mnsuihr structme The medial degeneration may be pumary in 
some instances but the medial hypertrophy is jirobably sccondais to stress 
and strain being present moie fieqiicntly in hypertensixes than in non 
liypeucnsues ( 3 ) Intimal prolifemtiou avhich in the form oE endothelial 
liyj erplnsia with increase m elastic tissue and secondaiy degeneratise 
changes is classified as endarteritis obliteians rather than aitenolar 
sclerosis 

TREATMENT 

The attitude of hopelessness with whicli the treatment of arteno 
sclerosis obliterans was foimerly legaidetl is slowly changing to one of a 
constrnctixe actne approach based on stientinr and empirical obsena 
tions of lecein years The lesiili of this change has been a lednction in 
the niimbei of amputations the lieahng of arterioscleioiic ulcers and 
the reduction of disibihty and pam 

The following procediiies are of sufficient imjaoitauce to wariant 
discussion 

1 Rest Rest of tiie part is of general impoitance with the follow 
ing quahncations Any extremity with in ulceration or eirly gingtenc 
should be rehesed of any stiess or strain For example such a foot 
should not be used in standing or xsalking ^\hen sclerosis is present 
witliout serious trophic changes or ulceration liie extremity may usually 
be exercised up to the point of pam It is inadxisable for the iiaiient to 
force the part beyond that point since it indicates the accumulation of 
toxic products and tends toxvard gangrene with the fmther accumulation 
of these substances 

2 Position The position in which the limb is placed is of consider 
able importance for if elexaterl too much the tissues may become ischcmtc 
whereas if it is lowered too far they become eugoigcd with cyanotic blood 
winch may also interfere xxith proper tissue metabolism In general if 
the limb is loweicd until the Up is about six inches below tlie heart lex cl 
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that uill be found to be a satisfactory position If die hmb is ele\ated 
and then lowered slowly to the lesel where die superfiaal \ems ]ust fill 
this will be found to be about six inches below die heart le\el and the 
correct position 

3 Exercise. Complete rest may, by its very inactivity, result in 
gradual stagnation, improper tissue numtion and cramplike muscle pains 
For this reason carefullj controlled exercises have been described and 
used to encourage die collateral circulation to take over the burden of 
supplying the tissues Perhaps the best known are those described by 
Buerger 21 which consist in principle of the patient lying fiat in bed 
elevating the legs for two minutes lowering the leg over the edge of the 
bed for one minute and resting it on the bed for two to three minutes 
The liming should be v aried so that the color changes of pallor on elevation 
and rubor on dependenq are observed, and yet not maintained for more 
than a few minutes 

AllenSS has described certain helpful fool exercises as follows The 
legs are hung over the edge of the bed and the feet are exercised by 
flexing and extending the ankles turning the feet inwards and outwards 
spreading and closing the toes These should not be done in the presence 
of gangrene 

Exercises of these types siiould be performed two or three times daily 
for as long as possible (up to 20 minutes) without undue fatigue or 
claudication pain An improved color and an increased warmth com 
monly result 

4 Tobacco It has now been generally recognized that the use oI 
tobacco in the presence of impaired circulation is inadvisable It V'as 
first noticed by Silbertss and others that in thromboangiitis obliterans 
smokmg VrTA a. marVed aggravating i( not indeed the commonest etio 
logical factor Most clinics subscribe to this theory, it least m reference to 
aggravation Experimental studies by Maddock and Coller.so Barker, St 
Wright and MofEat32 and Lampson33 established the fact that the 
smoking of tobacco usually produces diminution of die blood supply to 
an extremity, normal or otherwise, by constnction of the peripheral 
arteries, as determined by thermocouple readings, capillary microscopy 
and plethysmographic studies 

An attempt by Harkav'y and his coworkers34 to place the effect o 
tobacco in thromboangiitis obliterans on an allergic basts has been opened 
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to serious question by the worL of Trasoll Blumstem and if arks 35 and 
Wescott nnd Wright 30 

Thus hr, the otilj estibhshed mechanism insoUed is the physiological 
one of constriction of die small arteries and arterioles For the arierio 
sclerotic patient y\nh already impaired circulation this is sufficient to 
interdict its use While spasm of the sclerotic \essels is not considered 
important, one must remember diat the life of the tissues frequently 
depends on collateral \essels that these are usually not sclerotic and that 
they may be constricted by smoking If foi example the circulation 
m an extremity is already impaired to a fraction of its former potential 
to let us say, the point uhere life of die tissue is in doubt then the 
deciding factor is the production of gangrene This principle operates 
in all degrees and in our mind indicates that patients with definitely 
impaired circulation from arteriosclerosis or any odier cause should com 
pletely abstain from the use of tobacco 

S Alcohol In contrast the action of alcohol is definitely vaso 
dilating in its effects on the peripheral arteries In experiments performed 
in our laboratory ,3 7 rises in temperature of the tips of the extremities 
following the injection of Go to 90 cc (2 to 3 ounces) of whiskey base been 
as great as 5 to 6 7* C (g to 12* F ) depending of course on the contli 
Hon of the tessels and the control lesel preceding the experiments We 
therefore feel that the use of whiskey or other spirituous liquors is indi 
cated in the treatment of organic occlusiie peripheral tascular disease 
Among the most important indications is lint of arteriosclerosis Tliere is 
general agreement m this among most of the leading \ascular clinics to- 
da) The dosage depends on tlie seierity of the condition With impend 
mg or actual gangrene the patient should receiie enough to keep die 
peripheral vessels as dilated as possible Often the patient will be kept 
very slightly inebriated during the criucal period Tins may require 
to 60 cc (i to a ounces) eiery four hours or more frequently This may 
be tapered dowm as the emeigency subsides to ^o to 60 cc (1 to 2 ounces) 
once or tw ice a day , which is the dosage usually recommended in nonicutc 
cases As Browai and Allen pointed out in addition to the vasodihtory 
properties, whiskey may control the pain m some cases of peripheral vas 
cular disease more satisfactorily than morphine 
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Unless there are definite contnindications such ns severe dtnbetes 
gnstric ulcei or alcoholism n\e feel tint these pntients should have some 
alcoliohc beverage each da) the remainder of their lives 

6 Baths The proper use of baths constitutes a definite contnbu 
lion to the treatment of arteriosclerosis These mn) be grouped under 
several headings ns follows 

(fl) Contrast Baths Perhaps the most generally used type of bath for 
this condition is the contrast bath Two containers are placed side bv 
side They should be deep reaching to the knees In one water of 
the temperature 40 '>° C (lo^® F) ts placed In the other water of 
the temperature to 2ot“ C (60 to 70° F) (tap water temp) 

The legs are placed first in one and then the other alrernating at short 
intervals of one to three mmutes Tlie last immersion should always 
be in the hot waicr We have suggested seven alternations beginning 
and ending in hot water This should be done once or twice a day 
depending on the condition of the extremity The theory is that the 
patent vessels are exercised by producing aliernaiing vastx:onstnction 
and vasodilation There are however several objecuons to this type of 
bath which has resulted in our abandoning its use Tirstlv the best 
containers only reach tlie knees The blockage may be far above that 
level so that while the contrast baths mav produce different metabolic 
demands the ability to respond may not be realized at the level of the 
stimulus Secondly when vessels already damaged are forced into sutl 
den vasospasm they may remain closed complicating the picture ton 
siderably TIurdly in our experience there is often severe pain during 
the cold phase perhaps due to cramping or marked iscliemia ^\e have 
therefore adopted tlie long used Siiz bath for this purpose 

(6) Sttz Baths 'With tiie technic used we have the pauent sit in a 
tub containing at least 12 inches of water at a temperature 378° to 
40 2° C (100° F ) for a period of 20 to 30 minutes at least once a day 
This overcomes all of the objections raised above in reference to the 
contrast baths The heat extends high enough for collateial arteries from 
the trunk and femoral arteries to be activated No cold water being 
involved the risks of sudden permanent occlusion or even severe pam 
are minimized If water of this temperature appears to cause discomfort 
the temperature may be reduced to 3 j 4 to 36 7 C (9 1 ^ ) 
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(c) II htrlj/ool Baths Wliirlpool baths if avulable imj further stim 
ulite the circuhtioji tlie motion of tlie rvater being helpful especially 
m the presence of a chronic low grade ulcentioti The tenipenture 
of the water should be about the same as with the Sitz baths 

(fl) Soaks \\'et dressings ln\e largely been abandoned in oiu clinic 
because of their tendency to get cool even under the most favorable 
conditions This produces vasoconstnction and thus does more liarin 
than good b> defeating our chief aim that of improving the circulation 
to the dying cells In their place for ulcerated or gangrenous e\tiemi 
ties we use soahs of boric acid soUiiioii oi normal saline with tlie tern 
perature 357 to 378“ C (96 to 100* F) These may be repeated 
two 01 three tunes daily for from 15 to 30 minutes Aftet each soil, 
the foot is removed dried carefully and placed under a warm lamp 
cradle thus preventing chilling The object should be to allow proper 
drainage by softening and cleaning away ciusis which tend to lock in 
infection but once infection is under control attempts should be steadily 
made to produce a dry lesion lather (Inn a wet macerated one Healing 
IS made more rapid and danger of infection is reduced in this tondition 
when the lesion is dry 

(e) Heat Tlie problem of heat is one of great importance in the 
handling of arteriosclerosis obliterans It is probable that in the past 
heat has done far greatei harm than good because of its impioper use 
Properly used it will attempt to reproduce normal temperatme condi 
tions The normal surface temperature rarely exceeds 33 g to 33° C 
(93 to 9 j° r) In order to achieve tins and hence stimulate normal 
meiabohc piocesses the temperature of the surrounding environment 
should approximate that level we therefore use thermostatically con 
trolled heat cradles which keep the temperature between s'* j to 
C (q” to 96® r) * By careful watching and the use of a thermometer 
an equal distance from the lamp to that of the extremity it is possible 
to use ordinary light bulbs but Uie factor of error is great and no doubt 
many of these cases hate been greatly aggravated by such overheating 
in the past As Starr has pointed outss increasing the metahohe demands 
beyond the capacity of the supplying arteries points to increasing gan 
grene Temperature controlled heat vvithm these limits is in our opm 
ion the only safe form of heat for use in this condition The general 

• Wc hn\e [o II d those made by \alvede Lalioraiof Nc \oit C ly «nt station 
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use of heat lamps diathermy or short t\ave machines is to be condemned 
The author has seen o\er 50 cases of severe ulceration or gangrene 
uhich appeared to be precipited by these measures —se\ en patients lost 
their legs and two died— not as a result of their arteriosclerosis but 
rather of the results of this misapplied treatment This i\e have empha 
sized previously 39 

Tissue Extract It has been determined during the past feu years 
that extracts may be prepared from many tissues of the body uhich 
possess \asodilatmg properties Some of these probably depend largely 
on their content of choline compounds and histamine for their effects 
but others appear to retain their effectiveness even after the removal 
of these substances Credit for much of tlie original work m this field 
must go to Frey and kraut 40 Wolffe-ti and Barker and Roth -*2 In our 
clinic studies have been earned on for the past five years with the use 
of pancreatic tissue extract No 568 (Sharp &. Dohme) a heart muscle 
extract (prepared through the courtesy of Eh Lilly R. Co) another 
pancreatic tissue extract (Grant Co) and recently an active principle 
isolated from No 568— depropanex— (Sharp R. Dohme) Although these 
substances are capable of varying degrees of immediate vasodilation and 
epmephnne antagonism many workers feel that the more lasting effects 
produced may be due to some additional factors 

Animal studies have demonstrated die vasodilating and epinephrine 
antagonistic properties In man two effects have been established These 
have been measured by studies of individuals suffering from typical ar 
tenosclerotic intermittent claudication Firstly there is a definite in 
crease in muscular work capacity as measured by delayed onset of 
claudication pains wadnn one half to two hours following the injection of 
one dose of die extract intramuscularly Secondly there is a gradual 
improvement in the capacity for work following a considerable senes 
of repeated injections This is the basis for the therapeutic use of these 
substances In our experience the chief usefulness of sucli material is in 
the treatment of typical intermittent claudication Numerous refine- 
ments in the original tissue Extract No 568 have in our opinion made 
the present product— deprotienized pancreatic tissue extract (depro 
panex) the most satisfactory preparation thus far subjected to clinical 
trial When given two to three times weekly in the form of intrannis 
cuhr injections increasing from i to 3 or 4 cc oier a prolractetl period 
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of time It increases the walking disnnce of about 6o per cent of tliese 
patients markedly This is really valuable since onl) a few years ago 
intermittent claudication was regarded as a hopeless progressive condi 
tion ■\Ve have a large number of patients formerl) able to walk from 

to 2 blocks who can now walk from to miles Others have 
not improxcd to such a degree but are noxv able to carry on work for 
which they were formerly barr^ b) their inability to get around Im 
provement should not be expected in the average case with fewer than 
20 injections Tobacco is interdicted especially during its use since nico- 
tine is an active antagonist to the desired action 

We have conducted controlled experiments with injections of inert 
solutions without similar effects At our suggestion the Sharp &. Dohme 
Laboratories fractionated tlie original extract No 568 m an effort to isolate 
an active principle Depropanex (depioteinated tissue extract) has been 
one of the results Although this appears at present to be the most satis 
factory of these preparations further work may produce others more 
effective 

Pressure Suction Boot Treatment Although variations in the en 
vironmental pressure have been used in the treatment of impaired or 
dilation since before 1700 u remained for Landis and Gibbon-i'J and 
Hermann-*-! to perfect suitable mechanical apparatus and to popularize 
tins principle for widespread use in the treatment of peripheral vascular 
diseases 

The principle on which the modern apparatus is established depends 
on the hypothesis that blood flow in an extremity can be increased mark 
edly by exposing that extremity to fluctuations in pressure from positive 
to negative and back to positive continuing such alterations for the dura 
tion of the treatment which may be from 1 to **4 hours or more The 
extremity is contained m a so called boot made of glass or metal in 
which the pressure changes are produced by means of connections to a 
correctly constructed air pump system The opening through which the 
leg IS inserted is made airtight by means of any of a number of types of 
rubber cuffs There have been certain disagreements as to the type and 
timing of the cycle to be used and the amounts of pressure and suction 
desirable— at present the most commonly used cycles approximate tliosc 
suggested by Henauann and are as follows— accepting the base line as at 
mospheric pressme (yfio)— one complete cycle lakes uy seconds of which 
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the first three seconds aie posiU\e pressure reaching gradually -o nun ot 
Hg There is then a graduallj downward curse crossing the base line 
m the third second and proceeding to a negitiie pressure of -8o mm of 
mercui) at the elesenth second A more rapid return to the base line com 
pletes the c)cle in i j seconds T his is repeated continuous!) for the dura 
tion of each treatment Certain objections had to be met to make this 
treatment satisfactory theoretically and practically In order to opente 
the boot the cuff around the upper part of the extremity must of necessit) 
be airtight This produced a certain degree of constriction about the limb 
and hence interfered with the blood flow-espectall) of the superficial 
\essels Man) t)pes of cuff base been devised and some Inve at least 
partial!) overcome tins objection 

In general when the circulation to an extremity is increased there is 
an increase in the surface temperature of that extremity It was noted 
in our clinic and elsewhere that the temperature of tlie limb was often 
colder following this t)pe of treatment than before This ma) have been 
due to the constriction above mentioned or cooling due to the continuous 
flow of air in and out of the boot As a result of tliat observation local 
or reflex heat has been used with improvement in tins regard B) reflex 
heat we mean the application of heat over other areas of the bod) e g 
a heat pad over the abdomen which produces a secondary reflex vaso 
dilation of blood vessels of the enure surface including the hmb in ques 
tion Here of course the degree of dilatation depends on the potential 
capacit) of the vessels damaged and undamaged As in all new or redis 
covered methods of treatment the first claims represented a somewhat 
optimistic picture of the usefulness of the method It was stated tint it 
was of great value in arteriosclerosis senescent and diabetic thrombo 
anf^iitis obliterans Ra)naud s disease acute embolism frostbite and other 
forms of circulatoi') impairment Actual expeixence uith this apparatxis 
has in our opinion greatU narroued its indications At present ue fin i 
it useful in only a feu cases of uncomplicated senescent or diabetic arlerio 
sclerotic gangrene cases of acute embolism or thrombosis and frodhile 
Even in certain of these cases we must confess we are not absolutel) con 
vinced as to its value On the other hand certain contraindications for 
Its use have been definitely established 

Pressure suction slioiild never be used in die presence of acute or 
subacute infectious processes any form of acute or subacute thrombo 
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phlebitis (which excludes most cases of tliromboangiitis obliieiam) or 
nil) case in uhich evidence of autolysis of die tissues is noted as in cases 
of acute enibolisin, or tiironibosis {e g,, arteriosclerotic sudden occlu- 
sion) in uhich after several days the sLm begins to become mottled and 
blisteied. In these groups the results may be serious following its use. 

The Use of the Sanders' Oscillating Bed: A form of mechanized 
treatment which has recently been used in a nurabei of clinics is the 
motor bed described by Sanders -*5 By means of this ‘so-called’ oscil- 
lating bed the head and feet of ilie patient are alternately elevated and 
lowered, a complete cycle taking from i to 2l/^ minutes The move- 
ment IS smooUi, the patient soon becomes accustomed to it and. 
v\e have had patients on these beds for as long as two years. The beds 
have been in operation day and night except at times when the bed 
was being shipped, as the patient moved about tlie country. The degice 
of the tilting and the speed of the cycle can be regulated withm reasonable 
limits The object is to exercise the arteries which are still able to func- 
tion by producing rubor and pallor (engorgement and ischemia) in a 
manner similar to the Buerger’s exeicises but continuously and without 
fatigue to the patient. Tliis process is gentle, involves no constricting 
bands and appears to be theoretically sound, especially m the treatment 
of arteriosclerosis with or without gangrene. We usually use a thermo 
statically controlled cradle at a temperature of 357® C (96® F) as an 
.idjunci treatment While the total experience with this equipment has 
been rather limited, we have now had the opportunity to study about 
100 cases Clinical impressions are often deceiving guides and experimental 
studies are not available, but so far the workers in our clinic and m 
other clinics liave been very favorably impressed Healing of ulcers has 
taken place in certain patients after complete fnihiie of the pressure suc- 
tion l)oot and many patients can use this equipment who were made verv 
imcomfoi table by the action of the boot. Thus far the indications for its 
use appear to be advanced arteriosclerosis of the vessels of the legs with 
impending or actual early gangrene Tlie results in certain of these cases 
have been encouraging in that the progress of the symptoms of the condi- 
tion has been slopped and reversed with marked improvement and heal 
ing. We should like to suggest a thorough studv of its ixjssibilities in 
cerebral arteriosclerosis for which to date there has been no treatment 
of sulhciem value to be taken seriously. 
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Progress in this type of case is slow "ind we find it usually necessary 
to keep the patient on the bed for at least one month In our expenence 
treatments of a few hours duration are not satisfactory We have set as 
1 minimum in our clinic eight hours a day 

Intermittent Venous Hyperemia Tins phenomenon proposed as a 
form of treatment by Collens and Wilenskytc is based on the work of 
Lewis and Grant 40 i\ho demonstrated that following occlusion of the 
blood flow for a considerable period of time (15 to 20 minutes), when 
the flow was released it not only relumed to normal but actually pro 
duced a hyperemia sometimes increasing the blood flow as much as 600 
per cent abore normal The apparatus devised by Collens and ^Vllensky 
produces a state of \enous stasis and release in periods of about two min 
iites each by means of a blood pressure type cuff around the limb which 
IS alternately inflated and deflated by means of a motorized pump The 
degree of inflation can be controlled 30 to 80 mm of Hg pressure usually 
being used These workers liave reported very favorable results m the 
treatment of arteriosclerotic claudication and gangrene and of thrombo- 
angiitis obliterans Workers in Scotland have reported similar results 
Although v\e used an apparatus of this type for over one year m an 
attempt to establish its usefulness we finally gave it up being unable 
to convince ourselves of its value Allen and his coworkers of the Mayo 
Clinic reported disappointing results -*7 Workers at Mt Siini Hospital 
using phthysmographic studies and Veal using oxygen saturation studies 
are both about to report unfavorably upon the actual physiological re 
spouse resulting from tins form of therapy At present therefore while 
not denying the possibilities of tins theory of treatment we feel that its 
widespread use is not to be recommended pending further study of vary 
ing cycles and pressures 

Saline and Other Solutions Intravenously Following tlie use of 
normal and hypertonic saline and citrate solutions for thromboangiitis 
obliterans by Koga -ts Meyer ,50 Ginsberg 5i Silbert 52 and oUiers cer 
tain workers have adopted this form of therapy for the treatment of 
arteriosclerosis obliterans There are no satisfactory theoretical grounds 
for this and the therapeutic effects claimed do not in our opinion warrant 
acceptance pending the presentation of more adequate scientific data If 
used empirically the usual dose is 300 cc of three to five per cent saline 
solution intravenously Five per cent is more potentially dangerous so 
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nnt the lesser conceniraiion is preferred The treatment should be gn^n 
tssice or three times a week As stated aho\e while us use xn thrombo 
angiitis obliterans is at least debatable its use m arteriosclerosis seems to us 
to be uninmnted 

Vasodilating Drugs Numerous drugs have been used in the treat 
ment of arteriosclerosis obliterans on tlie basis of their vasodilating pow 
ers The commonest of these mi) roughly be divided into 
(fl) The nitrites and allied compounds 
(6) The iheobromides iheocatanes and allied compounds 

(c) The choline compounds 

(d) And papaverine 

After years of study both clinical and experimental with all of these 
groups I believe tint it is fair to state that their value singly or collectively 
m the treatment of arteriosclerosis obliterans is very limited 

Briefly the action of the nitrites is too fleeting and the dilation as u 
affects the vessels of tlie extremities is only observed with difficulty 
The action of theobromine and us allied compounds in the usual 
dosage is very unreliable and doubtful 53 

The action of certain of the choline compounds while of established 
value in certain diseises of the peripheral circulation appears to be of no 
value m the treatment of arteriosclerosis 

Papaverine has been advocated for Uie relief of sudden occlusion and 
Us gencml vasodilating qualities 55 5C 5* in a recent study we have 
found us vasodilator effects to be highly unreliable and not nearly so 
marked as the effect of simple reflex heat 5S The relaxing effect of this 
and other opiates and the value of this relaxation is undoubted They 
should be used wisely and with the possibility of ultimate habituation 
in mind although it has not proven to be a serious factor in our expen 
ence A combination of papaverine pantopon and atnnal (spasmalgin) 
has proven to be especially helpful v hen used intravenously for acute 
pain Morphine should only be used as a last resort because of the 
Familiar objections of nausea distention hibituauon etc 

The long standing use of potassium iodide in the treatment of arieno 
sclerosis merits Us mention here although clinically we have been uncon 
vinced of its actual vnlue Animal v ork does seem to demonstrate that 
It wiH prevent the actual laying down of cholesterol plaque and u has 
been given empirically clinically for many years 
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The Use of Antiseptics in Artenosclerosis In all cases in\ol\ai'» 
impaired circulation the use of strong antiseptics is to be condemned 
It should be remembered that the antiseptic i\iU not serse its intended 
purpose if in addition to destro)ing imading organisms it also destroys 
the \er> delicate tissue cells which are attempting to estabhsli a healin'^ 
process We do not adiocate therefore the use of iodine the mercurnl 
antiseptics the silver salts the phenols or an) otlier similar preparations 
Hot soaks in bone acid solution or normal saline as previously described 
are much to be preferred We have found some stimulating substances 
such as the chlorines (ddute) (azochlonitnid solution i looo in triacetm) 
and balsam of Peru to be helpful For clearing away old sloiigli and 
purulent sinuses benzine has frequently been very satisfactory when other 
solutions hav e failed to help Tlie pninary object in most instances should 
be to improve circulation and to stimulate the regroivth of tissue rather 
than to produce a temporarily sterile wound around which the tissues 
are deadi 

Surgical Aspects of Artenosclerosis While it is not within the 
scope of this work to present in detail the tecimics involved in such siir 
gical procedures as may seem necessary m arteriosclerosis certim pun 
ciples of established importance will be outlined 

The use of wet dressings hot soaks an<I annseptics have been dis 
cussed previously To reemphasize (i) W'et dressings should not he 
used unless they are kept warm~iemperattire 34 j to 378® C (oj to 
100® F) Chilling should be avoided and the tissues should not be per 
mitied to become macerated and boggy In general unless infection is 
present the gangrenous areas should be kept in a dried condition (2) 
Hot soaks arc usually preferable to wet dressings They should be at the 
above mentioned temperature and should be given once or twice a dav 
for 30 to Co minutes (3) No strong antiseptics should be used since 
the life of the epithelizing cells js the most important single factoi in the 
majority of these cases 

Cangboueclomies and other operations designed to produce v i<o 
ddation are m our experience of no value in the treatment of aneiio 
sclerosis obliterans since spasm Js not an important factor even v\hen 
as IS rarely the case present The same may be said for periaTlertal syv> 
pathectomy since the major vessels being organically occluded cannot 
dilate to anv effective degree 
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Ptnp/jeraf sympathectomy by either cnishing. alcohol injection or 
section of the mixed nerves supplying the feel may be helpful for the 
relief of pain For the correct technic the reader is referred to Smiths ick 
and ^VhiteSft or Laskey and Silbert.co This is rarely necessary' and should 
not be used in the upper extremities since the motor fibers are destroyed 
at the same time as the sensory fibers and uhile this is not so \itall> 
im|Jortant nhen it imohes small intrinsic muscles of the foot it is rery 
serious uiien it intohes the hand muscles. Unless seiered there is usu- 
ally a regrouth of the nerve fibeis in from four to six months. The pro 
cediire should be performed uith the greatest care to asoid trauma to 
the tissues, since healing is sometimes difficult because of tile impaired 
circulation uhich may be a factor high abo\e the le\el of the gangrene. 
It is necessary to knou thoroughly the location of and tlie tissues supplied 
by each ner\e in order to accomplish the desired results. E\cn then in 
our experience the presence of aberrant branches oi nerve fibers may 
result in unsatisfactory results, the pain being inadequately relieved 

Amputation: Tlie selected site of amputation is vitally important for 
successful healing. The day of amputating slightly above the level of the 
gangrene, whether it be in the toe or the foot, just because the skm 
looks good there, is over. Too often tlie tissues under that innocent 
appearing skin are soreiy undernourished and the skin itself too poorly 
supplied vvith blood to permit healing. This approach leads to repeated 
amputation with a marked increase in mortality and prolonged in 
validism. 

\Ve do not amputate today until nature has done her best to demarcate 
the area involved, to localize any infection present and to attempt self 
amputation If self-amputation has progressed sufficiently in a toe some 
times a moderate amount of help by the surgeon will complete the job 
and lead to local healing. If infection fails to localize, the gangrene con 
tinues to spread, or there is a systemic reaction taking place as a result 
of septic absorption, amputation is the only recourse but not until a 
thorongJi study is made to determine a level at vshich healing can be 
reasonably expected. For this we use modern methods instead of guess- 
work. The oscillometer u'lll tell tu where the major vessels are occluded 
and tn the absence of further data it ts unsafe to operate below that level 
The use of artei tographic studies using tliorotrast (thorium dioxide sol.) 
gives us great information regarding blockage of the major vessels and 

2—4^ 
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the extension of the collateriU At times ue are encouraged to amputate 
looser than the le\el of major blockage if \ery extensive colHtenl cir 
dilation IS seen to be present The histamine flare test is helpful in stud) 
ing the circulation in the skin If this reaction is inadequate the skin 
will m all probability fail to heal Using these technics i\e are able to 
conserve the maximum amount of limb possible ue are able to reduce 
the number of reamputations markedly and as a result reduce the mor 
tality appreciably This represents an intelligent conservatise approach 
to the problem of imputation which at best always represents an idnus 
Sion of defeat— our inability to save the extremity for future usefulness 
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CHAPTER LIX 


RAYNAUD'S SYNDROME AND ACROCYANOSIS 

B) Ir\inc S Wrigut, MD 
RAYNAUD-S SYNDROME 

Definition: Rajnaudsi ongiiia) descnptjom of a syndrome pro 
diicmg s)mmetrical gangrene included case reports of several different 
diseases according to our present understanding There is still i con 
siderable d^ee of confusion in the minds of many physicians regarding 
the types of cases avlnch should or should not be mrluded in this category 
A recent reneiv of the subject- testilted in the substantiation of ccrtarn 
primary requirements for diagnosis as follous (i) Gangrene or trophic 
changes limited m a large degree to the skin (2) Symmetrical 01 bilateral 
in\ol\ement (3) Absence of evidence of occlusive lesions of the arteries 
(1) Intermittent attacks of changes m color of various local areas uhich 
usinlly precede the trophic changes by months 01 years Additional second 
ai ) cntei la are also of some value 111 tins connection and u ill be discussed 
later 

PATHOLOGY AND PATHOLOGICAL PHYSIOLOGY 
Major pathological findings in Ravnauds disease aie conspicuous by 
their relative infrequency The early manifestations of the disease seem 
to be oil a vasomotor basis viitJiout established demonstrable pathology 
in the nervous system This statement is made after consideration of cer 
tain claims of pathological changes in the sympathetic ganglia and in the 
spinal cord Tliese claims have not yet been tonfinned Later, changes 
may occur in the local small arteries nitli a tendency tovsruds occlusion 
This appeals to be secondary to the lepeated episodes of constriction 
Vessels larger than the digital vessels do not tend to become occhtded 
Examination of the capillaries of the iiailfold reveals a cliaracieristic 
picture in late cases These vessels become markedly dilated, especially 
the venous limb of the loop Tlie dilation gradiually tends to extend 
including the arterial limb The explanation for this dilation may rest 
m the repeated erythematous phases follovMng the spastic jiheiiomenon 

(1729) 
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during uliicli lime ilic loops arc filled ssiili lilooil lo ilic jioini of user- 
strciclimg. 

The gangrene U usuaU> superficial and localwe<i lo small areas, such 
as tlic tips of the fingers or toes, nose, cars, cJjccLs, chin, etc. 

It has been the subject of some debate as to uhether this gangrene is 
due to a local circulator) fault or to a ptirel) lasomotor phenomenon 
frequently repeated and of suflicicni sescrit) to produce anoxcrni.i of the 
tissues to the point of local death. We believe that l>oth f.icior$ plrv 
a |»art, that the original attacks arc due to the vasomotor phenomenon, 
and that these gradiiall) proshicc d.iinagc to the local arteries, foUov%etl 
l>> ischemia and death of the cells. Tliis only occurs in severe caves. Manv 
individuals have a Ra)nand's vasomotor plicnomcnon inicrinitteiuly for 
years without progression to gangrene. This wccl.issify as a pre-Raynaud's 
svndromc since it is not jKisstblc to predict vvhich of these eaves v\ill 
sliow progression to the gangrenous stage. 

Observation of iltc nailfold capillaries dtiring tlic cycle of tlic attack 
presents a goo<l picture of tfie local pathological physiology involved. In 
the first phase, tliat of v^a^y iwllor, feu capillaries arc vlsihle, filling of 
tlic loops is incomplete and they have a scgincmed, broken ap|>earaiicc 
due to the fact tliat tfic walls arc invisible and the column of blood cells 
is interrupted and static. No blootl is entering the eapillarics from the 
arterioles which arc in sp.ism. The surface tcmjicratiirc of the Involved 
areas is low usually approxim-aiing room icinjicraturc. In icri.iin in 
stances intcrmtitctu leakage mav occur from the aticriulcv and hy reiro 
grade How from the venules If this occurs the rapilhrics nny Innomc 
tnoic casilv visible, in fait even divtendesi Tliis IiIikkI is iclativclv static 
also and as deoxygenation t.akev pkvrc the jjart assumes a rvanoilc hue. 
There nny be |»atches of ry.anovis and rubor during this j>hasc Wiih 
the cessation of the attack the arterioles f»|>cn up. jwnring bhKxl r.ijiidls 
in the rapilhrics and vessels which become tmrkcdly diliicd with red 
owgcnatcd blood Sonic areas nnv remain oanotic for a time slnrc tfie 
suppKtng arterioles nnv not oj>cn simuhancouslv in .all areas. The sur- 
face tcmficratnrc of ilic crythenntous areas rives raptdiv to .iIkivc thr 
average^o;, to.tjo® (SfitoOl’F) during this st-vge. 

Since sclerodcnm of the .afTcctcil jiaru is so inmiwm a rnmphcatiuu 
of the Ranniul's svndrome. a disnivvion of the piihologv of this n'Oih 
lion must be inrhided. 




Ra)-nauds s>ndromc shoy, ng extreme pallor and moderate c>anos s assoc ated w h the 
produced by exposure to cold 
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In the involved areas the stin becomes lightly stretched, and the mal- 
pigluan layer isatrophied. The deeper layers become fibrosed. Histologic 
examination sho’iNS hypertropliy of the collagen and stratum granu- 
losiim.-i' c This fibrosis extends into the subcutaneous lasers, the muscles 
and may bind the skin to bones which lie relatively near the surface. 

Arteries such as the digital vessels are surrounded by fibrous tissues c 
Their channels are narrowed by intimal duckening and the external 
pressure resulting from the fibrosis. Pigmentation of the skin ocairs at 
this time. Marked bony changes of seseral varieties may take place 
Arterial changes may be of either atrophic or hypertrophic type These 
changes combined witli the fibrotic changes of the soft tissues not un- 
commonly result in ankylosis of the joint usually in a somewhat flexed 
position. Atrophy of the digital terminal phalanges is a common finding. 
This begins at the tip and gradually destroys the entire phalanx. 

It should be noted that this process may involve the entire surface 
of the body and also the internal organs such as the larynx, lungs, kidneys 
and bladder. The most commonly infected areas in our experience are 
the fingers (sclerodacty ha) hands, arms, toes, nose, cheeks and ears. The 
more marked the involvement the lower the skin temperature In ad 
vanced cases it approximates the environmental temperature level 

Examination of the capjJJaries in ibis condition shows them to be 
scattered, seen with difficulty, and constricted with an occasional dilated 
one to be found.” Stretcliing of a finger obliterates them with piling 
of the skin Relaxation of the finger brings more into action as the pres 
sure is released 

ETIOLOGY 

The fundamental etiolc^ic.!! factor in the production of the Raynaud’s 
syndrome in the sense of a specific agent is not known. It is not even 
known whether it is on a bacterial, allergic, hormonal, or on some cn 
tirely different basis 

We do, however, know that certain stimuli are capable of initiaung 
individual attacks The most important of these factors is probably 

1. Cold: If an individual with this syndrome is exposed to cold to 
a sufficient degree spasm of the affected areas takes place and this is not 
relieved until the environmental conditions are changed with an in- 
crease in the temperature level Different paiienis respond tpiiic differ- 
ently to this stimulus IViih some the tempemtnrc level must be tfuite 
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lou « ^ j 4 5 to 7 3 C (jo to 15® F.) , uith others who arc more scusi 
lire to cold the attack can be precipitated b) a drop to mudi higher levels, 
1 e, 183 to 21.1® C (63 to 70*' r.). This is not infreqnentU seen 
during swimming with the water at tliat temperature. Chilling ol the 
bod) tisuall) induces spasm of the affected areas at higher levels of tem 
perature thin if the hot!) is kept warm. In the other hand, as Uwis Ins 
{xnnted out, cold stimulation applied to the base of a finger mi) pro- 
duce a t)pical attack of vasospism limited to that area. 

The result of tins reaction to cold is that the s)niptonis arc usuilK 
much more pronounced in winter than in summer months, and in the 
north than in the south Certain ndvanied, lilglil) sensitised eases con 
tinue to have their spisms under rcmarkabl) warm chmatic conditions 

It should be noted tint exposure to extremcl) cold (4.1 to 29® C. 
—2', to 30® F) water may fail to produce the spasm If the skin is 
sufficienll) cold the blood will not give up its ox)gen, the minute vessels 
are damaged, become dilated, and the skin becomes bright red. 

2 . Emotion: A second factor of great imjiortancc in the production 
of attacks is emotion Anger, fear, and cxcitcmctu ma) all he cajiable 
of producing attacks in certain individuals In some iwiicnts these fir 
tors inav acccminte the effects of cold. In others the attacks nnj l>e pro- 
duced b) emotional stitnull alone In a vvarin room 

3 . Repeated Vibration or Percussion Stimuli: Rclativ el) rtrtiulv 
attemion has been drawn to the fact tint certain individuals who use 
vibrating tools stirh as pncimntic drills, iivct hammers, etc.. im\ de 
velop a [rniinntic, vasospastic phenomenon comparable to the Ravnaud’s 
svndromc TJie reaction nia) take place during tlic action of the machine 
cspcciall) m a cool environment or the individual maj appircnih l>e 
senstiired to cold bj this repeated trauma. The eases thus far rcjxiried 
have been for the most part in individuals using ilie t)f)e of etjuipmciU 
above mentioned We are at present engaged in prcjj.ating case rejKiris 
in p.iticnts who have dcvcIo|xrd similar s)ndromes following rcpeaietl 
slight trauma of a varici) of t)|>es In this group arc included a i)pisi. 
a concert pianist, a telephone ojicrator, a handball coach and otiicrs 
The pianist was forced to give up his work for three stars sinic nth 
time he started to plav the spsm occurretl. TJic telephone oiH.r.aior de- 
sclojscd the s)ndromc m one tiand. the hand she used in “plugging in. 
in which procedure she frecptentlv pinched her fingers between the plus 
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and the suitchboird Superficial gangrene developed and she changed 
hands using die good ]iaud “W tthin a few months this hand became sinn 
Jarlj in\ohed These patients continue to ha\e trouble if the) continue 
their occupation tinless the\ lecene proper tieatment tthich tvill be 
discussed later 

4 Occlusive Arterial Disease It should be recognized that m die 
earl) stages of occlusi\e arterial disease, eg, thromboangiitis obliterans 
anenostlerosis etc the Ra)nauds s)ndrome ma) occur This is prob 
abl) due to the fact that with the lumena of die aessels narrowed anti 
the walls damaged the) are especiall) susceptible to irritation such as 
cold and slight spasm becomes a factor 

5 Arsenic It has been suggested that this s)ndrome ma) develop 
as a result of the ingestion of arsenic either inteniionall) as in medication 
or unimentionall) as on fruit skins 8 A check m our clinic of the pres 
ence of high arsenical unnar) figures failed to produce an) conclusive 
figures proving such a rehuonship One might expect a high incidence 
of Ra)nauds phenomena among tieated luetic |>atient5 but this Ins 
not been noted 

6 Disturbed calcium metabolism has been claimed as the itnpor 
Lant faciorO in the production of this s)iidiome but in our opinion the 
evidence so far presented is too inconclusive to prove this point 

7 Sex Hormones Tiie possible rehuonship lo certain sex hor 
mones should be mentioned The Ma)o Clinic has repeatedl) published 
figures showing a sexual incidence of 95 per cent m females This would 
appear to carr) possible significance In our clinic however the inci 
dence m males appears to rxin nearer to 30 per cent thus giving the 
female ratio of 70 per cent These maj still he significant figures tnd 
work on the potential importance of sex needs further stud) 

SIGNS SYMPTOMS AND COURSE 

From the viewpoint of ilie clinician it is helpful to recognize four 
stages of the Ra)nauds s)ndromc The reason for this is that an) case 
ma) develop the signs and s)’mptoms of an) of these stages and ma) then 
either progress remain in status <juo, or tend toward improvement 

1 Pre Raynaud’s Syndrome (Early Raynaud's S5mdrome) In this 
classification fall the mildest cases man> of which do not progress mertiv 
showing a spastic response to cold throughout the patient s life span with 
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no demonstrable patholog>- ever developing. Others do sliow progres- 
sion, but so far as we knou it is impossible at present to predict witliom 
consecutive observation vvhicli cases are benign and v\hich scriousl) 
progressive. Certain patients have fewer symptoms after middle life. 

A typical attack may be described as follows; the hands will he de- 
scribed as the affected part in this hypothetical case, other parts, if affectetl, 
react similarly. 

Following exposure to stimulation, e.g., cold, emotional upset, etc., 
the fingers begin to blanch turning a grayish color due to the deoxygein 
non of the remaining blood. The minute vessels frequently go into 
spasm forcing the blood out and producing a waxy color. IE they remain 
patent filled with static blood, the spasm being confined to the arterials, 
the fingers become increasingly cy^motic. Cyanosis may also be produced 
by intermittent leakage from either the arterials or venules as evplalnetl 
under pathological physiology. If the finger is cut during this period no 
bleeding will occur from the waxy flesh and only slight oozing from the 
cyanotic areas, since both of these changes arc manifestations of lack of 
blood flow. As these changes take place gradually increasing numbness 
IS felt by the patient. In extreme cold this may progress to an aching 
type of pam but in our experience severe pain is rare at this stage. This 
phase usually remains as long as there is no change in stimulation, e.g, 
so long as exposure to the requisite low lempemture continues. These 
areas are especially susceptible to frostbite at this time. 

■\Vith the removal of the stimulation, e.g., cold, anger, the second 
phase, that of rubor begins. The affected area turns intensely red begin 
ning at the proximal portion. This intense redness spreads like a wave 
distally completely enveloping the cyanotic or pale area. Some sections 
may remain patchy with alternating rubor and q-anosis for a brief time 
until all of the spastic vessels open. As this transformation takes place 
sensations of "pins and needles,” tingling and even burning may be com 
plained of. The finger temperature may become abnormally high, the 
vessels are overdilated. This phase may last a variable length of time, 
usually about so minutes, after which the fingers return gradually to 
their normal appearance, temperature and feeling. The cycles may occur 
repeatedly on stimulation, sometimes many a day% at other times at much 
longer intervals In general it appears tliat the more severe and more 
frequent the attacks the more apt the condition is to progress, but the 
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exceptions to this rule are numerous enough to impress us with the prob 
abilit) tint these are not the most important factors 

2 Trophic Changes Among the first evidences of prog;ress of this 
condition are early trophic changes at the tips of the fingers toes nose 
or ears These trophic areas are characterized by small dents and scales 
of brounish dry skm occasionally but not ahv ays preceded by tiny ulcers 
The ulcers may be very painful in proportion to their size but the trophic 
areas are not in themselves pamfni If the condition progresses further 
larger ulcers involving ilie entire surface of the tip of the digit may occur 
These are apt to be excruciatingly painful and are frequently moist and 
somev\Iiat punched out Most of them are however relatively superficial 
As a result of these trophic changes and ulcerations the tips of the digits 
may be deformed and shortened 

3 Scleroderma (Sclerodactyha, Acrosclerosis) It should be made 
clear tliat there are cases of scleroderma vxhich do not appear to be rchicd 
to Raynaud s syndrome in any way Perliaps ue are not justified in includ 
ing scleroderma as a stage of progression in the Raynaud syndrome \et 
there is a very high incidence of patients with this syndrome who develop 
sclerodactylia {scleroderma beginning in the finger ups) adding greatly 
to the seriousness of the symptomatology and compheaung the thera 
peutic approach The skin becomes increasingly hard tense shiny and 
pigmented As explained under the heading of pathology the fibrosis 
responsible for this may become fixed to the bones and joints and pro 
duce a fibrotic ankylosis although the joint may not actually be involved 
at first Later hypertrophic and atrophic changes may be noted The 
skm loses its natural color the capillaries become increasingly difficult 
to see often resembling shadows without defimie structure The typical 
attacks of Raynaud s syndrome are moie easily pioduced Frequently the 
stage of rubor does not occur because of tlie pressure and tension of 
the skin and subcutaneous tissues 

Tlie sclerodermatous changes may involve any portion of the e\ 
Cremities trunk or face including internal organs Pam is rarely a major 
factor if uncomplicated— stiffness and tightness being more commonly 
complained of If however ulceration occurs there is often excruciating 
pun and tenderness In addition a syaadromc known as calcinosis may 
further complicate the picture Deposits of calcium may occur under 
any portion of the hotly surface not infrequently at the elbow knee 
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ankle or digital joints If this calcified substance works its was out to the 
skin it usually produces considerable discomfort. At limes it is necessarj 
to remose some of this calafied material surgically to reliese the pain. It 
tends to recur at the same areas. The fingers gradually become fived 
in a slightly fie-xed position. In advanced cases the hands may become 
useless. 

^Vhen tile face is involved the expression may be changed due to 
the tightness about the nose and mouth obliterating all wrinkles and 
making facial movement difficult. The neck may be stiffened. Numerous 
spider angiomata may appear, especially about the face Whether actually 
a pan of Raynaud's syndrome or not the two conditions occur so fre- 
quentlv with p.irallel courses in the same individual that one cannot 
adequatelv discuss one vuihoiu considering the mutual relationship 
Treatment for Raymaud's svndiome is quite different when sclerotlermi 
is present. This wall be discussed later. 

4. Gangrene; Frank, massive, gangrene involving l.irgc jwrtinns of 
fingers toes or other areas is, as we see this syndrome today, a rare com* 
plication It was reported more frequently in the older Hteratiiic hut 
careful analysis of these descriptions forces one to conclude that certain 
of those cases were, in reality, cases of thromboangiitis obliterans, others 
eigoc poisoning, or frostbite, which may occur rather easily iw patients 
with the Raynaud's syndrome while the vessels are in a state of sixnsin. 
If spasm of the arterial tree does occur with sufficient severity and fre- 
quency organic occlusion as a result of clotting or changes in the vessel 
wall may take place. This as suited above is in our experience rather rare 
in uncomplicated cases today. 


TREATMEfO' 

1. Protection; In the pre Raynaud's and mild cases of Rnvnaud'v 
svndrome the treatment should be largely protective. Tlic first step should 
be to avoid repeated producing stimuli, e.g., exposure to cold, extreme 
emotional crises, etc. If trauma is the precipitating cuue the vocation 
or avocation should be discontinued or attacks will continue to occur. 

The best way to protect patients from the cold is to have them remain 
in a warm dry climate during .it least the v\ inter months. If other factors 
play the major role, hovvever, this will not control the syndrome. 
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I£ somhem Avinters are not possible, e\er> effort must be made to 
a\oicl extreme exposure. 'Winter sports, such as skating and skung, are 
potentiall) harbingers of frostbites for these patients and should be 
a\oided. The same holds for out of door tvinter work. When it is neces 
5ar> for the patient to be out in cold ueather, uarm body clothing, tvarm 
socks, muffs, and gloves should be used. Shoes should be large enough 
for one or even tuo pairs of woolen socks s\ithoui crowding. Small 
cbenuc.il heaters are \nluable for use in tlie pockets or muffs to keep the 
hands warm. Electric heaters are of \aUie in driving automobiles. 

2. Treatment of Local Conditions: It is impmtant not to suddenly 
Dveiheat an area in spasm since unfortunate burns may occur before the 
circulation is adequate to carr> off the excess heat and to handle the 
suddenly increased metabolic dem.ands. \V'arming should be undertaken 
slowly. 

Strong antiseptics such as the iodines, mercurials, stiver salts, etc, 
should be avoided since thc> ina} do inoie harm to the epuhelization 
of an ulcer than to the bacteria present Infection is rarely the iinporiani 
factor in these cases and mild antiseptics such as boi ic acid, normal s.ihne, 
and azochloramide in tnaceiin 1:500 solution should be used if neces 
sar). These ulcers heal best vihen dr). Hot soaks (temperature 367 to 
378" C.— 98 to 100^ F.) using iiorin.rl wline aie recommended for one 
hour each dav when infection is present. If wet dressings are used care 
must be exercised to keep them warm since chilling will tend to produce 
spasm of the vessels, preventing healing. 

3. Mecholyl Iontophoresis; Iontophoresis using acetyl b nieih)I 
choline chloride (mecholyl) was first recommended from the Vascular 
Clinic of the New A'ork Post Gradii.ue Medical School and HospimPo 1 1 
for the treatment of various circulatory disturbances Its use in the 
treatment of Raynaud's syndrome and scleroderma was suggested and 
liter reported upon in detail by Diiryee .md ^Vrlghl 12 In summary we 
have found, after five ye.iTS of experience involving about 7", patients 
with this syndrome and several thous.and tieatments, that- 

(rt) Mecholyl iontophoresis is a palliative treatment for piiienis suf- 
fering from uncomplicated Raynaud’s svndrome— decre.ising the severitv 
and frequency of the attacks in die mild cases and healing the ulcers 
in the more seveie cases It is not a cure and does not prevent atweks 
under severe provocative conditions, r.g., extreme cold. ^Yc have found 
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It useful in helping these patients through the winter months when ilie> 
are forced to stay in the northern climate 

(b) Mecholyl iontophoresis appears to be the most effcctiie treat 
ment thus far suggested for scleroderma After persistent frequent treat 
ments about 70 per cent of our patients have shown definite treatment 
of varying degrees Some have been remarkably improved as in the case 
of the Italian woman who had been bedridden unable to even feed 
herself because of stiffness of her fingers for seven years and v\lio after 
75 treatments was able to get about and after 165 treatments does her own 
housework including washing and ironing As in most stubborn conth 
tions all patients do not respond equally v\ell and about 30 per cent have 
been disappointing This group was for the most jiart advanced with 
evidence of involvement of the internal organs or infection such as bron 
chiectasis which certain of these cases develop Severe nenous shock 
has caused a relapse in several patients A number of these patients had 
previously undergone unsuccessful surgery including ganghonectomies 
and parathyaroidectomies Details concerning the first 34 cases may be 
found in the paper dealing with this problem 12 

Technic The details of the treatment may be found vn kovacsif 
report Briefly they are as follows 
(<j) Necessary equipment 

1 Galvanic machine v\hIi a smooth current 

2 Malleable electrodes and connecting wires 

3 An electrode pad 10 to 12 square inches 

4 Bandages 

5 Asbestos paper or cloth 

G Solution of niecliolyl 0 2o per cent 
The speciai asbestos paper or doth ts tn ihi solution and 

applied over a severely involved area — such as the hands or arms No 
holes through this must be left open 

(c) The malleable electrodes are wTapjicd about tins area and fised 
m place by the bandages making sure that nowhere docs the metal conic 
in contact with the skin 

(d) These electrodes are connerted to the positive [>olc of the gal 
vanic maclunc 

(e) The negative electrode pad is moistened in water and placial 
elsewhere on the bodv surface usually m the middle of the back and 
cnimccied with the negative pad 
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{/) The current is \ery gradually turned on and increased to 15 to 
20 niilliamperes— kept at this level for from SO to 10 mmutes and gradu 
all} turned olF 

(g) If the patient complains of a burning sensation the treatment 
IS discontinued immediately and the electrodes readjusted 

Treatments are given it varying intervals from daily to biweeklj 
depending on the severity of the case Fiequent treatments produce 
better results rarely is improvement seen under so to 30 treatments 

The exvct medianism by which this improvement tikes place is not 
understood The drug is absorbed into the skm and produces increased 
local circulation The capillaries become more visible The skm grad 
mil} becomes softer and more pliable Ulcers formerly unheahble 
become healed It appears to be largely a local phenomenon but sclero 
deimatous areas in other parts of the body are also improved This does 
not represent a completely satisfactory form of treatment for this stubborn 
disease but seems to be the most encouraging therapy either medical 
or surgical which we observed in over 70 cases studied For that reason 
it is worthy of i serious trial m each instance 

4 Vasodilating Drugs— Afitnles Papaverine The vasodilating drugs 
of this type do not appear to affect the course of either the Raynaud s or 
sclerodermatous syndrome T hey may produce a relaxation of spasm but 
usually not if the producing factor is severe and still present A mixture 
of nitrite compounds Ins been suggested for use prior to going out into 
the cold to prevent a spasm this mixture includes ripidly and slowly 
acting nitrite (vasodilator compound 15 W 8 . Co ) I mthcr studies must 
\>L ij) ifle to determine ns real value Papaverine hydiothlonde is of tjues 
tionable valuei warm water being more effectual as i reflex vasodilator 

5 Tobacco The use of tobacco by patients suffeiing from the 
Rayniuds syndrome may be soundly contraindicated on the basis of 
Its vasoconstncting tendencies and the probability tint the more fre 
queiUly constriction occurs in the small vessels the more apt pernnneni 
damage is to result On the other hand smoking does not appear to have 
the specific severe aggravating effects m the Raynaud s syndioine lint 
It does m thromboangiitis obliterans Until further studits rlarifv this 
oroblcm we advocate that all moderate and severe cases stop smoking 
Thermocouple tests may determine which patients are puiuuhrly 
susceptible 
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6. Surgery of Raynaud’s Disease; k k the purpose of ihis pres 
emation to discuss onI> the general aspects of surger> for Rajnaud's 
s>ndrome and scleroderma and the results of the ranous metliods used. 
Our conclusions r\iU be based on the experience of our oun and other 
actise rascular clinics. Certain statements nia\ be made uith relative 
conclusiveness at this time. 

(fl) 1^0 conclusions ma) be drauit as to the clinical result in an) 
patient until that patient has been folloued lor at least one year after 
the operation. The literature has been full of rejious of little \.due m 
which cases have been reported on a basis of one to six nioiiilis post- 
operative follow-up. There is frequeiitl) a nonspecific improvement with 
encouraging surface temperauire studies and lessened svniptomatolog) 
for a few’ months The results at the end of one year in the same patient 
may be entirely negative. 

(&) Lumbar gaiiglionectoinies are simpler technically and lienee more 
satisfactory m genera! than cervical ganglionectomies. Unsatisfactory 
results are usually due to the fact that all of ilie necessary libers have 
nor been cut. 

(c) In general the more atltanced the condition tlie less satisfactory 
the results. 

(d) Ganghonectomy rarely lienefits sderodernn atul in advanced tases 
IS valueless.^ 

(e) Parathyroidectomy has been recommended for scleroderma^ but 
m the few cases we have seen after one year there has been slight or no 
improvement. Several of these have reported a tem|Joraiy improvement 
lasting for from three to six months. 

(/) The only surgery holding forth a reasonable chance of success, 
ganglionectomy or parathyroidectomy, is major surgery which should be 
attempted only by men who have special training in the field, and even 
tlien should not be entered into lightly from tlic viewpoint of the |)atieiit. 

With these facts in mind it may be stated that in uncomplicated but 
progtessively severe cases of the Raynaud’s syndrome projierly performed 
ganglioiiectomy offers a verv good chance of relief from att.icks and the 
comfort of warm extremities. 'WTiatevcr the fundamental pathological 
physiological process nvvy be it is probably not affected by this proccthirc 
but the nerve impulses producing the attacks are blocked and the di^ 
agreeable symptoms and sequellae are held under control. 
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W e do not recommend it in carlj cases since man} of these do not 
progress as stated abo\e If the} do show esidence of progression how 
ever vMth increasingly severe symptoms it is wise not to unt too long 
until the disease ins reached an advanced stage with sclei odemntous 
changes if good results are to be achieved Since the condition progresses 
siowly (here is ttsuahy a period of several years during which its course 
may be studied — only in the very rare fulminating case is u necessary 
to make a hasty decision m tins matter 

Tor details as to the preferred surgical technics for tJie treatment of 
this condition the reader is referred to die excellent summaries of 
"Whitei-l Adson and Brounl and Craig and Horton if The lelaiive 
merits of the diffeient methods of apptoach are discussed in these 
piesentaiions 

It appears to us that fuither carefully controlled surgical studies may 
produce a more satisfactory approach to the understanding and treatment 
of this svndrome 

ACROCYANOSIS 

There has been a tendency on the part of ceuain v orkersH to classify 
acrocy'anosis loosely witli Raynaud s syndrome While these syndromes 
have certain points m common such as blueness of the extremities and 
response to cold there are many points of difference such as lack of the 
cliaractenstic Raynaud attacks presence of marked sweating and the 
presence of edema in acrocyanosis the difference m sex distribution and 
other factors In our opinion therefore precisivc objective thought is 
hindered by attempting to grouji these two conditions undci the same 
general heading Rather ihen differences should be more completeh 
studied 

SIGNS AND SYMPTOMS 

The word acrocyanosis w'k first used by Crocqi to dtsinbe \ 
svndrome in which the hands and feet liecouie a deep blue csjxxnJly 
in a cool environment The blueness gradually fades out at ilie v nsts 
and ankles lespectively The volar surfaces are nioisi —freely swediing — 
tlie dorsal surfaces are dry Pressure produces a v hue sjiot winch slowly 
disappears As pointed out bv Sternis tins descnjition requires amplifici 
(ion in several aspects as faflous— (he cyanosis is not (icnninent as Crocq 
originally thought but disappears tn ill but tlie most extreme cases wlien 

9 «9 
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Ihe cn\ironmcm is siifficientlj mrm Secondl) edema is ortcli seen in 
extreme cases 

When normal human sVm is cooled it turns a light blue in color due 
to contraction o£ the arterioles and small arteries with resultant stasis 
and deox>genation of the blood in the capillaries and subpapillar) \ cnous 
plexus Acrocyanosis represents an extreme phase of this reaction the 
blue being a much deeper shade than m the normal 

The color of the cyantwed sVin is frequently not uniform there 
usually being scattered red areas (so-called cinnabar red sjiots) The 
depth of color is generally greater in the dependent position The nliiic 
spot noted by Crocq to be caused by local pressure disappears spoil 
taneously in a characteristic nay the color returning m from about 
a second to one minute from the jieriphery only rather than from belon 
also as in normal sl^in Local edema is in our experience fairly common 
It may produce merely a sensation of lightness or in extreme instances 
may c\en reach the stage nhcrc pitting is possible Tins is not seen 
in the Raynaud s syndrome 

Gangrene and ulceration do not occur in acrocyanosis except nhcrc 
frostbite or some other factor enters the picture This is in contrist lo 
Raynaud s syndrome \Vhen lesions traumatic or oihtruisc do occur 
lioueser they tend to become septic and heal with thnicuUj Another 
feature of interest is the remarkably slight disabiliis noted m esen 
ads anced cases 

Occasionally the follicles of the skin become abnormally prominent 
Tiie ssseating of the palms and soles of the feet offers a marked contrast 
to the Raymaiids syndrome We ln\c seen patients from whose hands 
sweat would drop regularly and \cry frequently that is one to fi\e diojjs 
per minute This occurs in a cool ciiMronmcni in which gross swcaiing 
would ordinarily be absent knnoi** lias shown that jicrspiruion at low 
temperatures occurs more on the palms and soles than elsewhere is 
increased by hyperemia and failing lo eaaporaic collects on the surface 
Tins really represents the condition of acroq'anosis ^Vhen the rirruh 
tion to the skin is sliitt off perspiration licromes minimal and the skin 
becomes dry as in the Raynaud s phenomenon 

Increased sweating keeps the stratum comeum moist and pliable In 
patients avlio do little nnmnl labor the layer tends to atrophy and the 
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'imount of perspintion being greater than necessary keeps the skin ivei In 
day laborers by contrast we find extremely thick horny dry skin 

Kiino has also shonn that mental stress iwll cause sueating of the 
palms and soles In cool enaironment this produces chilling of the part 
and in susceptible indh iduals lends toward acrocyanosis In certain cases 
cyanosis of the face and other parts may be seen Lixido Reticularis is 
not an unusual accompaniment 

In general the symptoms and signs are much nioie marked in winter 
than in summer Even in extreme cases the nonnally palpable arteries 
are always patent the circulatory interference being due to spasm of 
smaller vessels 

ETIOLOGY 

\Mule many etiological theories have been suggested only six factors 
thus far consideied seem worthy of discussion 

1 Cold Cold seems to be the one universal precipitating factor 
producing attacks in susceptible individuals — vvhei eas iieai rehev es tliem 
While cold may v\ell be considered the most important external factor 
It cannot be tlie sole cause or the disease would be more universal in 
persons exposed to sufTiciently low temperatures 

2 Mental Disease Acrocyanosis wlule relatively uncommon among 
normal individuals is very common among mental disease patients is 
(About J5 pei cent in one senes of no mental patients studied) It 
should be noted however that many mental patients of identical types 
may not have this syndrome and numerous cases have been seen in 
normals though inoie commonly in neurasthenic females than in other 
groups 

3 Activity Sternts found that it occurred about 2^4 times 
as frequently in those patients who habitually stood or sat about 
indifferent to chilling as m the normally active In following his cases 
for four years he observed that 26 per cent showed decreased activity 
leading to greater cooling of the extremities with increased acrocyanosis 
Twelve per cent showed increased activity with consequent warmth and 
decreased acrocyanosis The remaining 5S per cent showed no changes 
either way 

4 Endoenne Relationships T/iis is m a state of debate at present 
We admittedly cannot accurately test the activ iiy of many of the endocrine 
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Rlnncis, Sternis docs not bctic\e iliere is an cndfKrine l«sis for iliis 
condition and he may be entire]} correct. We base noiitcii in onr series, 
hot^eser, a number of endocrine t}i»cs of indisxlnah and Iiasc had fatrh 
consistent!} lowered basal metabolic rates These base been in the low 
normal or somewhat subnormal range rather than cvttenieK low. 'I he 
sexual ratio is about cqualis in contrast to Rasnand's sjiidrome which 
occurs more frc(]uentK in the female ("o to j>cr cent of all cases 
according to the aiithorit}). Most cases occur between en and }e:irs 
of age The extremes in Stern's scries were j and 07 . 

5. The relationship to the autonomic nervous system must be ton 
sidered more carefnil} since imerrujuion of tlicsc fibers b\ ganghonct 
tom) benehis this condition according to White.*-* 

6 . Avitaminosis, especiall} deficicnc} in sitamin .\, h.is L>ccn asscx;i 
ated with this condition. High Mtamin intake has l>een nuomjxinied 
b\ iinprotcmcm in a few instances. Much further work must Ire done 
hcforc this relationship can be considered as establisheth At present 
skepticism is justified. Other factors such as blood pressure, blocxl roimi. 
^\’as 5 c^man^ tests, blood chcmisir). etc., hare Inrcn improchiciise in this 
regard. 

It must be ndiiiitted that the fundamental etiological factor must lie 
sought for further, the present status of knowledge lu this ic^rd lieliig 
inadecpiatc. 

PHYSIOLOGICAL PATHOLOGY 

Normal skin cooled to the point of tjanosis c;in be sumcs'hai blanched 
if elevated to about Iicarl level, demonstrating lack of venous obstniriioii 
This is also true of acrcxrpncKis '-** It was also dcmnnsiratcd h) l.cwis 
and Uindis that the vihilc spot of CrcKCj disapjxrars sponwnccmslv and 
irnves no /race since it is due scAcl} »o di5pi.icemeni of lAwxi hmn \bt 
area b) the pressure used, l.ocal iratima product's a rtx! area within the 
cvanotic zone which ajijicars to demomtnue .v bieakdovsn in vslnt is 
otlieniisc arteriolar ohstruciion. This rcdnt'ss is greater in extent tlnn 
the original area of the ini«m.i. Funhcnnoic, if the cirtul.uion to .in 
acroc}anoiic finger is cKtludccl for from five to ten niinutes following 
release the reactive hv|>erenii.-t extends from 1 10 2 cm. proxim.il to ilic 
site of obstruction instead of being limited sharpiv to tlic olntriirtlve 
i>oint as in a noriinl finger. It is thought t'' that these plicnonicin .ne 
due to a readv diffusion of the H {liiswniineliktd substance to the sur 
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rounding arterioles producing clihtion These plienoniem fit into die 
h)polIiesis of Leasts nnd Landis that the mechanism of aciocjanosis is 
bised on arteriolar obstruction If the hand is cyanosed and a small part 
of It IS ivarnied tint area becomes a bright red Similarly if a little 
histamine (i 3000 solution) is injected the local skm reddens widi a 
use in temperature i In the Raynaud syndrome this udl not occur since 
the next larger set of arteries are imohed and this phenomenon cannot 
occur until they Jme dilated 

In testing for dws condition extreme cold i to 10= C (33 7 m 
F) should not be used since in these as in Raynaud s patients and 
norrml individuals the exposed parts become red due to arteriolar injury 
dilatation and retaided dcoxygeiiation of ihe blood 

Until recently it uas felt that no organic lesions of the blood vessels 
ucre found m this syndrome It uas entirely leisonable liouever to 
suppose that the repeated contnciions of the arterioles continued over 
a period of years might well produce certain changes such as hypertrophy 
of the media Siernis reports having demonstrated this to be true He 
felt that the medial coats of all arterioles from 30 10 150 p m diameter 
\ ere definitely (IncLened at least to the upper Innits of normal He 
also found local edema and fibrosis of the skin together with dilatation 
and increase m number of the superficial capillaries Layani-t chimed 
lint various blood dyscnsns aie found with acrocyanosis including pro 
longed coagulation time lowering of the platelet count etc Sicini^ 
checked these and many other factors— concluding that no abnormality 
had thus far been demonstrated 

The mechanism appears to be cither due to local sensitivity of tlie 
small vessels to cold or to some vasomotor action producing uurcased 
arteriolar tone HaxihausenSS md LewisS favor the theory tint the 
vessels are especially susceptible to moderate cold reacting in a diffuse 
manner rather than specifically to extreme cold injury They do not 
explain the source of the increased susceptibility Lewis feels that this 
IS localized to the irtenoles to the skin since he claims lint the cyanosis 
IS not relieved quickly by a nerve block — as would happen if the con 
dition were on a vasomotor basis WhiteJ^ on the other hand suggests 
a purely vasomotor basis since he claims that tins condition is relieved as 
n Raynaud s syndrome by complete preganglionic section Obviously this 
point must be clarified by further work 
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treatment 

The ireitment of icroc)nnosis must thus hr be directed it decrcising 
the irtcriohr spasm The following suggestions are therefore mide 
1 Keep the patient and the part uirm either b) clinntc or local 
eimronment 

'• Keep the pitieni is ph^siciU) ictise is possible ivithiii rcison 

3 Reduce the mental sinin to i numniuin 

4 Iontophoresis using tnechol)! (icct}l bmcth)l choline chloride) 
mi> be helpful — (see section on Ri)muds syndrome for details) 

5 Ganghonectom)— preganglionic rot>t resection (recommended hs 
J White) 

6 Vasodilating drugs nitnies pincrtniit tissue cxtrici intrimuscu 
lari) etc (empiricil) 

7 Th)Toid extract Ins helped ccriiin cises in our series if the bisal 
mctibolic rate is Ion 

8 A high \itimm regime einpiricall) 
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CHAPTER LX 


VASCULAR ANOMALIES 

By G. dpTakats. M.D. 

Introduction: \'asculai nnoninlies occur lieu some jwii of the piim 
itne \asciilar network, is ictatned or iraiisforined to a more adult arrange- 
ment. uithoiit undergoing definiie stages of dciclopnient (Bacder. 18OG). 
\nomalous blood sessels are not uncommon The) mav be due, as sinn- 
maiized b) Are),i to (i) clioicc of unusual paths in the jiiimiiise 
\asculai plexuses, (s) to tlie persistence of \csseU normalU obliterated, 
(3) to the disappearance of tesscis normall) retained, (j) to incomplete 
detelopmcnt and (5) to fusions and alworpcions of jwris usuall) distinct. 

It IS hardi) possible to understand the loc.ition and .ij}pcai.uKC of 
\ascular malformations uiiliout a brief siinc> of the dctclopmcnt of the 
vascular tree. The vsorks of Evans,*- Sabtn.a \VooUaid,'' McClure and 
Butler''! have given a clear description of the fundamental principles in 
the development of arteries and veins. Wliat interests us here is vrhciher 
01 not certain clinical S)ndromes encountered among the vascular nnom 
alies can be identified as belonging 10 certain stages of development in 
uhich the aberration from the normal took place. 

Mont Reid*! has been the first to state empliatical!) that not onl) the 
congenita! arteriovenous fisiiilas but liie cirsoid anciir)sms (pulsating 
angiomas) and the simple angiomas are all due to abnormal arteriovenous 
cotTUUunicatiQUs. Thus, lu Uve citsoid aucur^snxs, the coiumutiicntions 
arc between the smaller vessels, vshiJe in the angiomas be considers tliciii 
to be between arterioles and venules. None of these lesions arc true 
tumors, as assumed b) the older pathologists Borsl^ in his treatise on 
Instopatholog) defined a true angioma as showing evideme of endothelial 
proliferation and formation of svncvtial network, .^^osl of the socallcti 
angiomas, liovscver, aie onlv angiectasias, that is. dilatation and lengthen- 
ing of arteries, veins or hoth. Tliej represent developmental anomalies 
and then growth ma) he rcadtl) explained by a continuous filling from 
the arterial s)stcni with which the) arc more or less connected. 

( 17 - 18 ) 
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If ns has been pointed oiil in n picvioiis stud) one foHons the 
chssilicnlion of Woolinrd^ in recognizing three singes in the fonintjon 
of an indiMdunl nnennl lube nnd aitempts to correlate them i\ith \nnous 
chmcnl pictures of \nscuhr malformation not only may one nssume that 
most of these \ -iscuUr tumors nre detelopmeiunl nnomalies but tint the 
\ srniions encountered nre due to the nrrest or modificntion of deiclop 
menl m different stages of the noinnl pioccss \\oollnid recognized ns 
n first stnge n formation of tnpilhry nemoik The tnptlhi-y nngionns 
\nscuhr nett inny be regarded as localized remnants of tins stage They 
lemniii harmless birthmarks until a sudden connection uith the general 
tircuhtion starts feeding them with blood in which ense progressive 
enternous dilatations detelop These grow so destructitely that they may 
nuade and neaoiize bone and thus are often legarded as angiosarcomas 
1 Uhout their histologic characteristics 

The second stage of Uoollard is characteruecl by cnhtgecl tubes 
showing island formation coalescence and tendency to fuse Tlie first 
pleMform stage is followed by a retiform arrangement Capillaries 
fiom ashich the flow of blood has been disened atrophy The selection 
of appropriate channels from the diffuse capillary bed results from the 
action of heritable patterns and the hydrodynamic factors incident to 
blood flow (Are) I) The cavernous angiomas the diffuse phlehet 
tasias and phlebartenecrasias desenbed so fully by SonniagO may lake 
on„in in this second stage of development Histologically these aie 
numerous parallel vascular tubes which have not fused siifTiciemly and 
are connected with multiple coiniminicalions As Mont Reid^ so aptly 
lemaiked Its a wonder that direct communications between arteries 
and veins do not occur more frequently Dr Sabinlt stated that injct 
tions of pig embryos measimiin 14 or 15 niiHimeters may still show 
slender connections between the middle segment of the internal jugular 
vein and the internal carotid artery 

It is only a slight step honi this retiform stage to the peisistence of 
multiple arteriovenous communications Some patients exhibit a fevs 
tiny communications v hile others show such innumerable and map 
proachable fistulas that as will be brought out later noihing sliort of an 
amputation can help 

Finally the third stage of definite stem formation with persistence 
of an anomalous primitive trunk miy fie correlated to the fuKlmg of a 
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peculiar \3scular tube, running in an anomalous posvuon in some 
tremities affected with s'ascular anomalies. I pointed out elsewhere^ 
that such a primitise vessel can be recognized bj the finding of a number 
of longitudinal muscle fibers just below tlie intima which, according to 
Maximow, 11 occurs only in primitive, nondifferentiated vessels. 

It ma) seem unnecessarily didactic to attempt such a correlation be- 
tween the three stages of V’ascular development and the numerous clinical 



Ficcre I Hjpertrophic hemangioma .-I, The patient is a three months’ old Infant; 
the tumor hat been grotting since birth Obliteration of the tumor tvas adiictcd by the 
use of radium B, The patient is a fisc year-old girl and the tumor of the leg has been 
growing slowly for several months It was exased (Cole and Elman* ’'Tcxibool. of 
General Surgery.' D Appleton Century Co.NcsvVori) 

malformations. As a matter of fact, various stages of differentiation arc 
frequentl) found in the same patient. But the clinical nomenclature of 
these vascular anomalies is so confusing that some working order helps 
to facilitate their understanding. 

SIMPLE ANGIOMA 

Simple angioma (angioma simplex) is most often found in the skin 
and subcutis of the head, although no region of the bodj is exempt. It 
is raised above the level of the skin, well circumscribed and composed of 
dilated capillaries and minute vessels surrounded by a circular arrange- 
ment of connective tissue So long as these two elements sliovv’ no pro- 
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liberation as in the hemangio endotheliomis or angiosarcomas, they do 
not hate to be regarded as true tumors (Fig i) 

The clinical course of these small angiomas stratvberry marks \anes 
The lesion is congenita! and usually incieases until the baby is about 



FirxRE ” Cixcrno is licmai gonia wen ii ihe age of 36 m S R \ small blu sh sjiot 
\ as noiicccl b) his parents at the age of sit monilis At the age of 16 a pU)Sic an found 
an ang oma of the upper lip The a\ P A supenisor in a letter to the sooal service 
worker described his condition as horrible revolting and repulsive It is bar I to under 
stand how Divine Providence could allot such an alQicion to befall a human being 
One wonders whether early atiei tion to lie brlfmark m ght not have been effective 
A Before treatment B During progress of treatment The external caroi d artery I as 
hecn tied above the swpenor thjTOid arterj oittlt pie injections of f ve per «nt smliuni 
morriitnte have been given into the cavernous dilatations of the lids dieek and upper I p 
deep X ray therapy was given evrcrnalJy and immorally a vsedge sliapcil resect on of the 
upper lip was done Pilieni is sUlJ under Ircainient plasj c v.ork is coniemplated on I d 
1 p and nose 

stve months old Then some of them disappear some iilcente, get infected 
slough nnd hcil but most of them remnin stitiomry 'ind simpl> consti 
ttfte cosmetic pmhJern Of great tmpctcttncc, ei cr, is the tendenc) 
of some of these tumors to exhibit suddenly a rapid nctise grotvth Thus 
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in S R., a 3 G>ear-oM man, a snnil bluish marj, on the cheek lapidh 
in\ohed the entire e>ehd, thcek and upper lip, invaded the iivuh. 
pliar)n\ and buccal miiLous membrane and tonsututed a real surgical 
problem (Fig 2) . 



FiriBr 5 \ n 1 21 'c-ir nl«l pil had a large |»or» ^\inc stjiii limilnl altncwt ctiiirdv 

to tlic left hilf uf lilt lourr rMrrtniO inink and (ace Her left leg cot nne and a half 
inches longer than ihc right htit cold and t^atiotic She had a rcnirrcni niter oter the 
tibia tUiith H3t grafted clscuhctc Imii kept lettirring \ diigiimit of tongcnilal arleriu 
tenout risiiila uiih s{Miiit3Ticoiit ihronilmtis nas made A iteriirterijl ttni[>atheclr>niT of 
the femoral arier) and a prratcrirhral inieciion of alaihol in the iiiinliar sympathetic 
chain tiiacctlct! fn canning tip the leg and lirdiiig the niter 1 he It-g lut l>ren ii«cfiil and 
painless for oter a tenr 

Most jicdiatricniis advise ticating the sindl ‘’siravtberrv iiurks" be- 
ivtccii the age of tlircc and six months with iiucrstiiial or txtcrml rndn 
tion of radium 1 - Usinll) from { to 12 trLiiincnis arc necessarv at 
iiionthl> intervals A slow regression is desirable; a complete disapjrcar- 
ance requires several months of time Mlicn seen at a later age clcrriro- 
punciure. radium, or simple surgical cxnsiou im) f>c jierfonned. 
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PORT WINE STAIN 

The port uuie stain fiat \ascular nevus nevus fliinmeus is a opilhr) 
angioma A reddish purple discoloration consists of numerous small 
capillaries in the midst of angioblasis trul> the localized remnant of 
the captlhr> plexiforni stage The) ma) be single or multiple some 
times involve an entire half of the bod) and are fiequenti) associated 
with other vascular anomalies notabi) multiple aiieriovenoiis fistulas 
(Fig 3) 

These stains usual!) do not spread but represent a difficult cosmetic 
piolilem The use of radium and xTa)S m m) experience has been fol 
loued bj some blanching hut no real disappearance Dermat ilogists 
sometimes achieve excellent lesults with carbon dioxide 

CAVERNOUS ANGIOMA 

The cavernous angioma one example of which is seen in Fig a 
usinllj involves large slstn surfaces but penetrates into the deepci stiuc 
tures Histologicall) it tontatns multiple enlarged channels aiienes and 
veins The mass bleeds profusel) and if injured leads to faiil hemor 
rhage No bruit is heard ovei these masses and then connetmn with 
the general circulation is onl) moderate The oxygen saturation of the 
blood aspirated from these masses is onl) moderaiel) elevated fi mi tint 
of the normal venous blood 

Tlie treatment consists of a romhinaiion of measuies such as ligating 
the mam aitery excision am! sclerosing injection of the accessible masses 
interstitial radium or deep x ri) ilieiap) for tlie intnoral masses I\uli 
a combination of these nietliods fair!) satisfactory results can be obtained 
if recurrences follow they are usuall) easily controlled b> sclerosing injev 
nous Solutions of quinine and urethane are preferable to Uiosc used in 
obliterating varicose veins 

CIRSOID ANEURYSM 

Cirsoid aneurysm angioma arternie racemosiim coiisimites a transi 
tion between the cavemous angioma and the congenital arteriovenous 
fistula There are a numbei of hige vascular tubes winch pulsate and 
over which a bruit may be heard Tlie) have a proximal nutrient artery 
and often originate fioin a simple angioma Pregnancy miisriihr t\cr 
tion and trauma are known to have mmated this transformation The. 
scalp face and upper extremities aie most frequenilv afTericd The 
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dilated veins may undergo thrombosis and phlebiiic attacks Ime Ihicu 
seen in Case Number i of our first series.S Nevertlieless, they graduall) 
progress and establish more and more connections between the tasa«hr 
channels and the general circulation. 

CONGENITAL ARTERIOVENOUS ANEURYSM 

The congenital arteriotenous aneuiysm consists of single, but most 
frequently multiple, connections between tlie normally detclopcd major 
arterial and tenous trunks. They occur in the carotid and subcl.atian 
area, but are most often seen on the lower extremities They not only 
endanger the fate of the limb by their progressive enlargement but have 
systemic effects which differ in no way from those of a single, large trail 
matic arteriov enous fistula. They have been carefully described by Rcid.*^ 
Holman.is Pemberton and SaintH and others Observations on these 
interesting cases together with a group of lO partly unrej>ortcd cases from 
my clinic established the following chamcieristlcs. TJie affected area is 
much warmer titan the symmetrical area on the opposite side. The high* 
est temperatures arc around the communications, wlicrcas distal to the 
fistulas the extremities arc cold, qnnotic or may ulcerate. The proximal 
artery and vein are markedly dilated and may show degenerative changes 
Distally the veins arc prominent and filled with briglit red, arierialhcd 
blood,* 15 but the arteries arc barely plpablc or ilic pulsation may be 
absent. The venous pressure is greatly increased distal to tlic fistulas, but 
proximal to the fistula Reidio could not confirm the elevated pressure 
noted by Holmani3 and Ney-i"! 

The effects of an arteriovenous fistula on the systenuL circulation have 
been investigated and summarized by Matas, Rcld<* and Holman. 
They are, briefly, as follows; The thrill and bruit may he heard with tlic 
naked ear, or with the stethoscojic. They can be promptly stopper! by 
compressing the proximal vein, for, as jioiiucd out by Holman, the pres 
sures in the arterial and venous channels are then equalized, which abol 
ishes the whirling eddies of alternating high and low pressures 'When 
the fistula itself is closed, there develops a rise in blood pressure anti a 
fall in the pulse rate. Holman has interpreted this phenomenon as being 
due to an increase in blood volume, which has occurred as .i result of a 

• In Ifaid F. a IR )car-<ilil girl t»iih multiple^ art«no\cnmii tominiiiitratinn^ llic 
femoral vein omcfl a 92 per cent oiuraiion «»th oxjgen, whereas the arterial Mood from ilie 
hradiial 3rtcr> had a 93 8 per cent saturaiion 
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decrease in the circulatory bed Closing the fistuli restores the circula 
tory bed to its original status of a single system* the venous pressure prox 
imal to the fistula decreases That a cardiac dilatation and hypertrophy 
occurs uith large arteriovenous fistulas whether traumatic or congenital 
has been shown repeatedly, experimentaliy and clinically that this is 
a ‘ reversible’ heart is definitely proved 19 The argument centers how 
ever, as to the mechanism of its production Lewis and DiutySO thought 



IKUu. V tju \ a IB >eaT old Vmv had ei\lng«\ molded putpVe colored tight 
amt c%cr since Inrth llie sainruion ol venous blood i uh oxjgen was 7S6 per cent on 
{he righl and ^8 per cent on the Jell side An auenipt of intraarterial iisualiration 
through the brachial anri)' resulted >n a large hemaioma md a spontaneous ihroml osis 
of 1 large number of anoinalous vessels The surgical resident could not find a normal 
brachial arier) Tolloi ing tins ihe arm became much smaller and the vasniJar dilaiions 
became less cen«e On two subsequent ocnsiom a Jong new-silver wire i is passed inio 
the sacailations through in insulated spinal needle and a galvanic oirrcnt was sent ihrougli 
the wire which resulted in coagulation of some of il e vasailar misses The Iwy had a 
marked limitation o{ motion at ilie elbow and the arm v is practieiUv tunctionlcvs There 
was no enlargement of ihe heart Hiv arm maj hisc to lie impuiited at a later due 


thit the dihtaiion wns due to msufficieiit coromiy fioiv Holnnii feels 
tint the increised blood volume ind rise of venous pressure proxinnl lo 
the fistuh is responsible Reid has found that the cardiac output is imrV. 
edl> nicrnsed that the tvTCuhiion umc was greatly accelerated vvlien 
sodium cyanide uas injected into the vein beiueen tJie fistula and the 
heart, but retarded when it vvas injected on the distal side of the fistuh 
Reid was unable however to confirm the increise in blood volume and 
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rise m \enous pressure proxinnl to the fistiih ^s reported b) Holiinn 
rmali) E)ster 2 i behesed that the injury to the heart because of its oaer 
avoik leads first to dilatation and then to hypertrophy 

It bears reemphasis that not only the traumatic but the congenital 
aitenosenous communications damage the heart and thus treatment is 



FicLTRC 5 L. R a 20 }Cir old male had a punlns tt clljng of the left s dc c f ilie 
fete since hiTth U J en sloop oier or hh ng a he-i»> i eight the sue ol the mass 
definitel) increased A Before B Immrdiatclv after stooping o\cr Note the marked 
dqircs'ion of the tcmponl Ixinc m / N nj <lio«\ed irrcguhnt> of the malar hone 

indicated not only to relieve the embarrassment of peripheral circula 
tion which leads to thrombosis hemorrhage, ulceration and gangrene 
but to unburden the heart athich unless the myocardium is permanently 
damaged will regain its normal size and functional efficiency 22 

Treatment The treatment of tlie above-described vascular ano 
mahes depends on the size and location of the lesion I igation of the 
proximal artery, so disastrous in the traumatic fistulas is better horn m 
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FirtBf fi Same paciciu uht»<e phoirejraph* ire shown m Tig ’» Followm}, hga 
non «i{ (he cMtTiul carniid mm ihi mass wis es^K>^^:d through tij incision made fnin 
the an^le of the miniih to the tragus the nuss sm \en nsfular and hleil pro(iisel) \ 
presioiK ligature of the cMcrml maMlIii) artm and injections i f sclerosing soUimms did 
not a/Ifct It at all Hie ptroi/d ditci «M imialiwl and sjied The mass seemetj to lie 
UKhiii the parotid gland which was sulistantiatcrl hv hts« logic sections Fdierc of the 
hcial nerse were within the mass all eouM not fac saved Ten weeks later through a Ihp 
rtisetl frtim Ixrlow the mandible ibc rest ol ilte licming oma was c\cisccL Outside nl ihc 
Imnc dcfomiuj the ron« has now disappeaml 
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the multiple arteriotenous communications, but done alone is never 
eltective In the large cavernous angiomas ot the head and face, the ev 
ternal carotid arter, may be ligated, the immediate shrinking o£ the mis, 
has been striking m two of our cases, but the process ,s not arrested as 
blood IS being fed through collateral channels On the tipper extremity 
a spontaneous thrombosts of the brachial artery wis followed by a 



Ficum: 7 Left hand of Mn P T k a 58 )ear-o]d diabetic patient Note the >enous 
mas<iea on the volar aspect of the finger tips These became very painful during repeated 
attacks of thromboses and trere ma^ for paron}chia$ follotkcd by profuse hemorrhage 
The aitenoscnous fistula was >n the deep palmar arch and uas exnsed sriihout any 
disturbance of arcuJition (deTalvits Surg Cjnec anti Obsi ) 


marked reduction of a ca^ernou5 angioma of the forearm and hand (Fig 
4) , on the lower extremity a spontaneous closure of a congenital fistuh 
resulted in an atrophy and ulceration of the extremity (Fig 3) In the 
light of such experience deliberate ligation of the proximal artery is not 
advocated in vascular anomalies of the extremities, ligation of arter) and 
vein in such desperate cases winch are ready for amputation might be 
considered, but ligations of tlie external carotid artery may be done with 
impunity When the internal carotid artery needs tying for cerebral 
angiomas, preliminai'y compression, preliminary tying of the common 
carotid and ligation of the internal jugular vein together v\tth tlie artery 
are the best safeguards against cerebral damage 21 
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Angiomas of the face, following preliminary ligation of the external 
carotid artery, may be atncbed by surgical excision These may have 
to be done in several stages and with care not to injure the parotid duct 
Wiien the skm or mucous membrane is diffusely involved interstitial 
ndium or x ray therapy may help to shrink the mass sclerosing injections 
can be used in addition but onlj tlie cavernous mass forms large enough 



riCLRE 8 Skeicii of findings ai opciaiioi on 'In f T k The ulnar artery Has 
exposed it fas toiuious sdciot c and cntercl a mass of seins nhich pulsated Carrcll 
clamps were applied both distill) and proxitnally and the mass was excised Sfany 
previous operations ligation of the radial artery exason of venous masses in the upper 
arm and forearm were unsuccessful m arresting the progress of the anomaly Her hand 
has nosv been useful lor ten years (deTaWts Surg Gynec and O! st ) 

individual pools (Figs 5 and 6) On the upper extremit) the liand may 
be involved recurrent attacks of phlebitis may produce painful nodules 
and ma> accelerate ulceration (Figs 7 and 8) in the case of a young 
man a diffuse suprafascial phlcbcctasn carried highly oxygenated blood 
with a lot of plilebohths bin an intraarterial injection of skiodan failed 
to reveal any arteriovenous communications (Figs panel 10) 

Convoluted masses of venous difcititions existing since hirfh and 
associated with a port wine stam represent congenital anomalies and are 
often mistaken for varicose veins In Fig 11 a sketch taken from the 
findings at operation demonstrate why simple injections do not ordinarily 
suffice Complete excision if necessary m several stages is preferable 
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Tirtm. 10 immrtcrial > Mializaiion of the brathnt aner) ami iM main hrioclio 
b) skiodan Case of E. J who'c photograph K «l>o» n in F»g 9 Tljc Irachnl raOial 
iniercHsctK ntd iihiar aricr o aie wn logether svuh a phiclxibih ui unc of il c sarctil ir 
tbbiatinns li» spue of ilie h gb ox>i,cii saiiitai on tn the mih tis 1 loot! this f lin ili I not 
help to Uvt'tie the nTtcrinvcnotts tominumcaiwmt 
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Great d:fficuU> is encountered m the treatment of diffuse sascular 
anomalies of the loner extremities because the) ate usuall) presented at 
a late stage uhen the vascular dilatations permeate the entire cross section 
of the limb including the bone marrou, and onl) amputation offers 



FicLKE ] I A local 2cd t'ascular mass in ihe popi teal fossa of Mn M C. age 42 This 
spongy mass s»as present e>cr since she could remember fas diagnosed as varicosed seins 
and repeatedly injected st Jihout s iccess There *as no vis ble enlargement of the major or 
m nor saphenous There seemed to be no pulsaiion in this mass it could be rcadilj 

emptied on pressure and seemed to fill from belor At operation a brge number of 
tenuous parallel sessels ^ ere excised the sessels had hardly more than an edothelial 
bmng The endotbel al cells were large and not qu tc reguhr (dcTaWts Surg Gj-nec 
and Obst ) 

relief ReidC published such a case In our eirlier cases I performed 
radical excisions of all \isible \essels m as many as four to six stages 
these operations are lery s'ascular and shocking (their case reports ha^e 
been published in 1932) S More recently a feu ligations uere done at a 
time under a tourniquet uith sclerosing injections gl^en during the 
operation die patients stay m the hospital onlj a feu di)s and reenter 
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e\er) fw ueeks, it has taken three to four ^ears for a satisfactory control 
of the anomaly, but the process seems to be nell arrested (Fig 12) 
Especially interesting is the finding of large anomalous trunks at 
atypical locations shoiving the histologic structure of primitne vessels 
(Figs 13 and 14) These I In\e norv found m three patients It may 
uell be that they represent a nonabsorption of primitne stems 



Ficlre 12 A. P a 19 )car-old wtl had pa n in I cr nght ankle and a large tecuncni 
tiloer o>er the ub a tor 12 lears She t as rcpeaieill) diagnosed and treated as having 
Mieoniycluis Her femonl artery shot ed no abnormal communiciiton but il c saphenous 
sein \ as large and arr cd I ighU o\>genaied blood It sus tied The ulcer ms exased 
and coMered sviih a (hick Tlucnch graft Uult pie tagariom t ere done and larj^ prtmiMie 
i-ascular trunks were exerted The treatments lasted lor over three )can Now the anomaly 
seems to be arrested although the swelling seems permanent and oecasonal handaging 
IS necessary Note healed ulcer at middle third of ub a and the scars of multiple incisions 
Sacral small port wine sta m at and abose knee 


As t'ascular anomihes of die extremities exhibit increised gron th ind 
frequently marked edema they must lie diffcrentnted from hemihyper 
trophies uithout i-ascuhr intohemcnt (Fig 15) or congenital lymph 
-demas uhich are often assoented with rascuhr btrthmirks (Fig 16) 
^Vhile occurring most frequently on the head and extremities nscuhr 
anomalies nnj be encountered in my part of the hods Angiomas of 
the kidney, liter and tertebml bodies are comparitiseJy common 
Cushing and Bailey 24 hate published a classic monoip^pU on rascular 


1764 


CARDIOVASCUILAR DISEASE 



FitCRE 13 Ca« of A 1) Tlie Mtatled area rcprc>ci)b the cmchi tf ihe ctitatieotit 
hirthtnark uhile iht small Wack slow liliwmie ibe diMnlinifii of mtihiple capillar) 
angromas which bled repeatcdU Tlie iltauittg oii the nght illustiatcs the Urge anomalous 
trunk under the superhaa! fiscta Ft was thick did not pulsate hut had die sire ol aUmt 
the common iliac aricr) It ^'C oK numerous brandies medialis and lateralis and was 
excised tTi three stages (deTaVAts S«rg C)necandOW) 



Ficur 14 A 13 cm long segment of the anomalous J l«xl scssel in case of A I) Ihe 
lumen was partis ohliieratcd It had the thickness of an arter) but v\as sers poorls 
differentiated into Users Tlie media contained adjacent to ilie intima a Uige luimficr of 
longitudinal musde fibers which according to Maxitnow occurs in primuise nondiflcicnii 
ated sessels No eUsiic membrane ss-as seen 
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tumms oE the bram The> represent From one to tiio per cent of ultra 
crann! tumors Oandy^s and MatasSe hue recently discussed aneurysms 
of the arcle oE ^VilIts, roughly hilf of iihicli are due to coiigenitil defects 
tn the mils of the tessels As Matas has pointed out these aneurysms 



FfCUsE 1) L F, 3 13 jear-oM ai) wjth a h«nni>{>o«roph} im-ohinf’ ihc 
JipperatKl loutfrc\frem»<»» ilie^capww ami pcJncRinJJc rcmpenilurc reailing^ inframl 
pliotognpln anil osciJlomrtnc n»rvi"5 la»lcd to xncai am difTcmiKC m [be Mwlani) of 
[he tno bahesof the IkkJ' The right lortcr CMtcmttv w lj4 inches longer than the left 

should not be confused the extremely smill, nnUtipIe milnr> iuicu 
r)snis which tinder the stntin of h) pcrtemion rupture ind cause intn 
ccrebnl hemorrhages as first desrnbed b) Cfiarcot .and Bouchard (cit 
20 ) The discussion of congemlal \ascul3r Jesions of iJie brain, including 
Fig \7, has been svtppUed b^ Dr Pcrcuaf Bailey 

Tlie commonest rascuhr anomaly niihin the inimcmnnl ca\n> is 
a congenital weakness of the avails of the arteries of the circle of Willis 
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which results m ancurjsmal diblauon The most frequent site for these 
congenital aneurjsms is the point of origin of the antenor cerebral artery 
Rupture of this aneurysm causes a typical clinical picture (Symonds =7) 
characterized by pain oter the eye folloiied by obnubilation and finally 



FicuKE 16 J C a )cir-old vkonun believes tu bd\e nut ced an enlargement of 
her left leg at the age of $ \ after Karlei fe>er She had a number of small cutaneous nest 
around the ankle The left leg s as U o inches longer than the right and \ as fanner 
The edema was remarkably oactiaied bv elevation and bandag ng On censing the 
redundant skin together s ith a large windov m the fascia a targe anomalous i)-mph 
channel together with degenerated nerve plexuses svas excised. This is a congenital 
lymphangioma ssith associated anomalous nerve tissue and a vascular birthmark 

corm There is stiffness of the neck because of irritation of the meninges 
from the e\tra\’asated blood in the subarachnoid spice Rarelj such 
congenital aneurjsras raaj occur elsetvhere in the iniracnnial cant) 

A rare congenital telangiectatic anomal) is knoun as Sturge-Weber 
disease It usually manifests itself in cliildhood by epileptic atticks On 
e-xamination the child is found to haie a ficnl nae\us and x ra) photo- 
graph of the skull discloses concenmc tortuous lines of calcification usu 


VASCULAR A^O^^ALIES 


176 / 


all) in the occipital region This calcification in as formerly supposed to 
he in the tv-alls of the telangiectatic \esseis but has been shots n by 
K,rabbe‘’S to be mainl) in the adjacent gyri of the cerebral cortex 

An anomalous detelopment of the capillar) bed m the cerebellar 
region occurs in Lindau s disease resulting in the hmiation of a heman 
giomatous tumor sshich is nearl) ahvays assocnted isith a large c)stic 
catity filled b) )elIouish fluid of high protein content This pathological 
lesion \er) often occurs asith the hemangiomatous anomaly of tlie retina 
knoisn as von Hippel s disease That the two lesions arc pan of a heredi 



F CURE 17 Cascrnoul ticmang oraa trom the troniat lobe He tiato'c)! n-eos n X 10 


tar)' pathological complex nas first demonstrated by Lmdau hence 
the name Lmdau s disease 

In addition anomalous tangles of larger blootl vessels may occur 
(Cushing and BaileyS-*) and depending on the sirucuue of their v\aUs 
are known variously as racemose angiomas arterial or venous as cater 
nous hemangiomas or as capillar) telangiectases (Fig 17) They give 
evidence of their presence often b) epileptic attacks although in the race 
mose angiomas arteriovenous fistulas may occur resulting in an intra 
cranial bruit The capillary telangiectases may occasionally be calciried 
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sufficient!) to be seen m in vn> photogiaph of the skull (Le\m md 
Michielso) 

Aberrant \essels of the kidne) ire often thought of by urologists as 
being the cause of a uretenl kink small angiomas of the Msceri are usu 
ill) found post mortem ind produce no clinical s)mptoms 

One can hirdly close i chaptei on congenital arteriovenous communi 
cations VMthoui it least mentioning in intriguing group of smill tumors 
originating fiom snnll arteriovenous anastomoses ivhich are nonnill) 
piesent in fur numbers at the nail bed the \olir cushion of fingers in 
the palm of the hands and on the toes These small shunts sene the pur 
pose of heit regulation and mi) be involved in diabetes arteriosclerosis 
or Buerger s disease 3i Small tumors originating from them have been 
called neurovascular glomus tumors b) Masson 32 The lesion is so 
characteristic and yet has been unrecognized so often that attention 
should be drann to it Tliese small purplish tumors are esceedingly pain 
ful and pressuie on them elicits paroxysmal attacks of pain They aie 
occasionally erectile and may double iheir size on sticking They may 
pioduce reflex vasomotor and sweating phcnomem In three personally 
observed cases the growth viras uniecognized for lo "Z and 42 years re* 
spectively Simple removal is curative m a total of 70 cases reviewed in 
the literature no recunences were reported 
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VARICOSE VEINS 

By G. deTakats, M.D. 

Introduction: Dilatation, elongation and tortuosity of \eins may 
occur in any part of the body. Characteristic clinical syndromes are pro- 
duced by \arices of the central nertous system, of the esophagus, of the 
broad ligament and urinary bladder, of the spermatic and of the rectal 
\eins The varicosities of the superficial venous network of the low’er 
extremities, however, are of the greatest clinical interest and in this dis- 
cussion only the involvement of tlie saphenous system w’lll be considered. 

Ever since Hippocrates it was assumed that thick bile and mucus or 
"melancholy" blood was contained in varices and Ambroise Par6 (*579) 
warned "not to meddle with sucli as are inveterate, for of such being 
cured there is to be feared a reflux of the melancholy blood to the noble 
parts, whence there may be imminent danger of mah'gne ulcers, a cancer, 
madness or suffocation." The last iw'o complications suggest sepsis and 
pulmonary embolism, which must have been frequent after Fare's liga- 
tions in the preaseptic era. 

ETIOLOGY 

Gradually, a mechanical conception of the etiology of varicose veins 
has been evolved, starting with Harvey’s demonstration of a mechanical 
form of circulation. "While much argument and misunderstanding existed 
in regard to the position and function of valves, it can now be stated with 
certainty that dilated veins result fundamentally from two causes: (i) A 
valvular incompetence, which may be congenital or acquired as a result 
of trauma or inflammation; and ( 2 ) a block of certain venous channels 
resulting in compensatory enlargement of others "WTiile the first variety 
IS seen in the primary’ juvenile type of varicosities, tlie second is en 
countered after obstruction of the femoral or iliac veins as a collateral 
circulation. 

When man assumed the erect posture, an unusual strain was placed 
on tlie return circulation from dependent parts. Two mechanisms were 

(1770) 
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gndually evolved to compensate for the upright position The \asomotor 
system prevents a fall in blood pressure on standing m fact a slight 
overcompensation takes place in the normal individual as shown b) 
the obseiv'ations of Grace Roth i This compensatory vasoconstriction is 
under the control of the pressoi receptors m the carotid artery m the 
aorta and other vessels when a bilateral denervation of the carotid sinus 
uas done Capps and I- observed a peimanent postural hypotension • The 
otlier mechanism which prev ents large amounts of blood from acciimu 
lating in the dependent parts of the body are the valves of the venous 
s^'stem whose function is to give irreversibility of direction to the blood 
stream in the veins Incompetence of valves m the supeificial veins of 
the limbs results in the stagnation of large amounts of blood and a 
marked rise in local venous pressuie The effective circulating blood \ol 
time can be reduced to sudi an extent that vasomotor activity is unable 
to maintain systemic blood pressure and i postural hypotension develops 
which can be readily ibohshed by tight bandaging The limbs thus sene 
as blood depots from which the blood cannot be mobihred as leadily 
as from the spleen oi liver The diminuiion of effective blood volume 
tliat occurs on standing because of the increased filling of the vessels of 
the abdomen and limbs is measurable even m the absence of varicose 
veins especially in young vasolabile or convalescent individuals Theie 
IS a decrease in heart volume minute volume and stroke volume This 
latter may decrease to 50 per cent of its value on changing posture s 
The adaptation to the erect posture is not uniformly adequate in the 
saphenous system there is a marked variation m the number and position 
of the bicuspid valves In addition the anatomic course of the saplienous 
veins deprives them of an important aid in venous return namely the 
milking effect of muscular activity As the veins arc unsupported between 
the skin and tlie fascial layer they arc more apt to be exposed to increased 
venous pressure Should the femoral valve proximal to the sapheno- 
femoral junction be congenitally absent the difficulty of venous return 
in the erect posture becomes even more pronounced 

Heredity seems to be important in the development of varicose veins 
A constitutional weakness of the connecuve tissue is often encountered 
m other regions of the body Such pauents have hernias fallen arches 
suffer from visceroptosis and the vulnerability of the vascular system may 


* The same s olxencsl afier the exiens ve J lateral splancl n c nmc 


of Sm iht ifV 
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be evident from cuianeoui neu or nances in the msnl septum The 
palpable ^essels are soil, ensil> compressible and the blood pressure \o^^ 
A positue family lustorj of \aricose \cins could be clicued in app:o\i 
mately 7 ® cent of an) large senes When \ancose scins are seen m 
>oung people, both parents are usuall) affected 

The undue strain of prolonged motionless standing is another factor 
in raising \enoiis pressure in the saphenous s)stem Tims s\aitcrs, him 
dresses, street car conductors and policemen are predisposed b) occupa 
tion and their existing \aricosities are aggravaied Consinctmg garters 
obeiously increase the difiicuU) of \enous return When senous pres 
sures iiere determined in the horizontal sitting and standing position 
uitli and nithout constricting garters, striking differences uere noted 
(Tables I and 11 ) 

TABLE 1 

DfTERMIN \T10NS OF \ tNOLS pRl^SCRE IN X'SRICOSI VEINS 


Case 


SlIllHC 1 


1 Ciff’imml 

1 

lOS 

69 

19 


2 

76 

44 

S 


3 

210 

— 

' <o 


4 

! 91 

61 

37 

, 1 Thtomln m 

(i 

80 

37 

' 10 

( communieatiRg xein< 

7 

' 8a 

61 

1> 


8 

1 

10s 

aO 

tt 



These figures s ere not correeieil to heart lerd as itie actual pressure caerictl on the uall 
of the sem ssas estimatetl The dcterminaiiom were nraitc h) the rutl ttt\ intvhod of E)attT 
The fijpires icprcseni cenUmettrs of water 

fThe pressure could not be estjimicd as die E)sici- appiraltis onls rej,i5»crs to W cm 
of water (deTakdts Qiiini Tillotsoii aid Cniienden \rch Surg) 


TABLE II 

Effect of Constricting GtRTUt on Xinols I’rissurf^ C'Rhos 
Dioxide and Oxscin Costint is SAniFsots Blood 


Case 1 

Pressure 

Cir^H Dtoude 

Oxytf” 

Ilemff^Wnn 

1 without garter 

I0> 

49 67 

9 9S 

14 7f 

with garter 

no 

49 3s 

6 46 

1476 

2 without garter 

89 

4»90 

13 62 

n 23 

with garter 


48 30 

6 96 



A rubber garter w-as applied above the Vnec for 15 minutn the patient retnalmvig m the 
vtandinz position The pressures arc expressed in ccntimeim of water the ptbon dioxide at I 
oxvEcnln per cent bv vultitnc the hemoglobin m grams per 100 cc. of W®*?! hetnogl 
was determtned to test lor ble dchjriraiion IdcTaldjs es al~ 'rch Surg) 
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Other causes for increasing %enous piessiire are iraunniic nipture 
of valves pressure of I)mph glands or peUic organs, straining ^Mlh con 
stipation and pregnancy Pregnancy interferes with the \enous back 
fioiv of the extremilj by the pressure of the enlarged uterus on the ihac 
leins But more important than this is the greatly increased lolume of 
\enons blood flowing from the hypogastric vein which produces a relatne 
incompetence and obstruction in the external iliac vem possibly endo 
Cline factors may also phy a role m the relaxation of venous tone 



riCLRE l Internat sapl eno » ve n clwc to »apl «nore noral j tnci on d Th cU i i ma 
I ^pCTiroph c mcd a The tern is arier al leU D Vem from a laicr stage markedU d laicd 
Fit ro IS i sswe replaces the tnnscubr element \t cetta t po nts the mcd a d saj pea s 
entirely The nl ma is hypertroph c (dcTakSis Qiit Tillotson and Crittcnde ArtI 
Sutg) 


Finally the effect of postpirtimi poscopenttve or postmfectious 
thrombophlebitis on the deselopment of rincosmes must be considered 
The obstructive clot may be in the iliac femoral or communicating \ems 
It produces new collateral channels with the fornnlion of \aricosiiies of 
atypical course Later when the clot camlues there may result a destruc 
tion or shrinkage of salves at the site of the clot The patient tlien suffers 
horn a valvular incompetence of the deep or communicating veins vMth 
resulting postural venous hypertension The work of Turner ^Vai 
wick-t and Edwaids^ has pointed to this mechanism of deep venous in 
snfiiciency which in my experience is more frequent tlian a permanent 
deep venous obstruction 

The morphologic changes encountered in varicose veins can be readily 
explained as the results of increased venous pressure and slouiug of the 




Figure 2 Thn leg hai l>een cmpucd of tenom blood l>) cle«iton \ rubber tourm 
quet then appl ed tight enough to coenpre^^ the interml wplien hh \ein On lowering 
the leg a Hidden filling of tl e metlial group of tiiricoMt cs on ihc calf look place The 
communicating reim ben een the deep and luperfiaal systems arc inoimpcient here. 



Fin RE 3 A 52)eir-old woman* lower extranu es She bar Ind no liiuory of 
phlebitis afier childbirlh but there k a progressise scnoiis sahiihr inw IFaenq with an 
opening of the subpapiHar> senous picxurcs 

(1774) 
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blood stream. Tlie muscular tube of the saplienous %eiij first responds 
rdtii a hypertrophy, later a dilatation, elongation and tortuosity (Fig. 
i) . There is a more or less constant inflammatory reaction in and around 
the nails of ^aricose veins indicating that bacteria circulating in the blood 



FrcCKE •!. Dry jctvjjliic swu, Ma»j iMgmwHitl. tlte iif'iiui uk.u are iJie sues ».l 
healed (ilccrs. Noce (he failed lotigiiwlinal arch an<l hitmon, both of uiiidi are often a<>Sf, 
ciaied ssiUi liic varicose stale. 

Stream are readily deposited here and may remain in a latent stage for 
many years. Sudden strain, direct trauma or the injection of sclerosing 
substances are capable of acm’ating this ‘'resting infection” and thus 
many of tlie unexpected and wne.vplained cases of phlebim can he ac- 
counted for.C 

Such a resting infection of varicose reins may also act as a fiKus of 
infection, maintain a rapid sedimentation rate and produce reactions 
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especiall) in joints and muscles. Thus in the treatment of an infedlous 
arthritis or myositis, a latent phlebitis in a \aTicose sein should be con- 
sidered as one of the possible foci of infection. 

The venous insuffidenq of the saphenous system is a progressiie 
lesion. More and more valves become incompetent in the major or minor 
saphenous vein or in tlie perforating veins, nhich connect the deep and 
superficial veins (Eig. 2). Finall) the venous stasis may sjiread into the 



FiGLXE 5 Area ot hypcrteracosM at the site o( pretiom iilctration These arca« arc itciiy 
and piinfiil flic wriowiti« vlwrc the lesion hwe not yet been trcatwl 

subcutaneous network or into the mtradermal subpapillary plexuses and 
the so<alled “spider bursts” or "racket bursts" appeal (Fig 3). This 
progressive venous insufficiency results in nutritional disturbances of the 
skin and subcutaneous tissues. The skin becomes atrophic, pigmented, 
dry, scaly and is readily subject to eczema (Fig. j). Because of the }xk)i 
oxygenation of the tissues, their resistance to trauma or infection is sliglit 
In addition, the small veins of the skin and subcutaneous tissue readily 
become occluded by thrombi. Such segmental thrombi with a periphlc- 
biuc induration aie often the site of ukeiation; the atrophic, thin skin 
easily breaks down above the thrombosed area and forms the varicose 
ulcer Slight trauma may be the immediate cause of sucli an ulcer. The 
common site of v aricose ulcers is on the inner side of the calf, iw o or tin ec 
finger breadths above the inner ankle. Tliey may appear above the ex- 
ternal ankle or below either ankle. At this latter site they are most resistant 
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to ireaiment Other pitients exhibit areas of hyperkeratosis at the site 
of pievious ulcerations (Fig 5) 


SYMPTOMS AND DIAGNOSIS 

The earlj symptoms of progressive venous insufRcienc> are a tired 
heii) sensation in the legs cnmping of the calves at night or m cold 



FicinE 6 Congemnl '"a'c »lar a lomal) in a 23 jcar-old student \ ho Ins I)ccn treated 
for 'c\eral )ears as hating niicose \e m Together tkUh a matted dilatation t f the internal 
saphenous sem and its ml utancs tl c ]>aueni had sescral cutaneous birtl marts and a 
matted h> 7 ieriropli> of b< th feet \ th a beg nnin^ elephantlas s of die toes Note the 
al norniall) long ri tj, tngers The aemus blotid earned highly oxygenated I lood M ill pic 
tern ligations and ijectiom resultci! in a satisfaaory arrest of this anomaly 

uater md suellingof the mUeor the dorsum of the foot Young women 
appear complaining of unsigbtl) blue markings along the calves of the 
leg which are more noiicenble just before mcnsmniiou When ilie venous 
dihntions icncli T certain stage the tmction on tlie saj licnous nerve may 
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produce painful radiation along the course of tlic ncnc The cMcnt o! 
the saricosities by no means parallels the seieritj orsjniptoimascnoiinoiis 
dilatations are often sjiuptomless anti a feu liardl) palpable saricosities 
if shghtl) thickened maj produce much discomfort Most of the sjniji- 
toras houever, are due to complications such as phlebitis ulceration 
eczerm or h)perkeritosis 

Offiiand tlie diagnosis of aancosc veins is so obvious tint little need 
to be said about it Houever venous dilatations occur m arteriovenous 
fistulae and most of the cases coming to mj attention have been treated 
as varicose veins for a long time (Fig 6 ) The distmgvuslnng features of 
this t>pe of lesion will be discussed in Chapter L\ Compensator) 
venous dilatations following deep venous thrombosis arc not true van 
cose V eins and do not follow the course of internal and external saphenous 
veins but show at)pical convolutions chicH) on the lateral asficct of 
the thigh gluteal region and dorsum of the fool 

A frequent error is made in diagnosing varicose veins as a source of 
complaints when other conditions arc responsible for the sjmptoms and 
varicose veins are just coincidental Thus Hat foot gcim valgum arthritis 
of the knee sacroiliac and Ittnibosacral arthritis $pond)lohsthesis or true 
sciatica may be overlooked Compression of the lumbosacral plexus b) 
inflammatory or neoplastic diseases and compression of the spinal cord 
may be missed in a superficial examination and the varices made respon 
sible for all the symptoms Femoral henna ami tlic rare lymphocclcs of 
thigh may be mistaken for varicosities Small hernias of the liluahs an 
ticiis muscle which occur on the lateral aspect of the lower leg and arc 
painful because of the traction on the superficial peroneal nerve have 
been repeatedly taken for varicose veins 

TEST OF VENOUS CIRCULATION IN THE 
VARICOSE EXTREMITY 

The condition of the valves in ilie superficial and communicating 
valves and the patency of the deep veins must be tested before any treat 
ment can be undertaken The Trendelenbutg test (I ig 7 ) gives infor 
mation regarding (a) Uie incompetence of iht saphenous valves close 
to the groin and (0) die incom|)etcnce of the communicating veins The 
leg IS elevated and the superficial veins art cmpiitd Next the saplicnous 
vein IS compressed at the region of the saphenofemoral junction TIic 
patient now stands up witli the saphenous compression still maintained 
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uhen the veins in the lower thigh and calf remain collapsed in the 
standing position, one has good evidence that reflux of \ enous blood only 
occurs from abo\e, i c,, through the saphenofemoral junction. Houevei, 
when the veins below the compression suddenly fill on assuming the 
erect posture, the blood must floxv in from tlie deep veins through in- 
competent valv'es in die communicating veins. The site of these— there 



FifWS 7 Tlic Trentldenburf! Icsl The Irj » fiw clcv-aied to empty the veins nnrt 
prevviJre is applied at the saplicno femoral pmction TItc patient then stands up with the 
compression maintained Note the collapse of the vein lielow the finger When conmres 
Sion IS released, the lein suddenl)’ fills from above (deTat-iis on Varicose Veins in •Te'tt. 
hooL of Stifgerj," edited by FmlCTiclk Christopher. 2nd Edition, W B Saunders Comjwn), 
PhihdclpJita and London) 

may be few or many— can be determined by lepeaiing the Trendelenburg 
lest with a digital compression which is gradually lowered until a collapse 
of the veins in the calf is obtained Tliese incompetent communicating 
\eim often reveal themselves by a saccular varicosity, a “blowout" ou 
the thigli and are frequently found at the middle and lower third of the 
thigh (Fig. 8). hlahorner and Ochsner Jiave especially stressed their 
importance "! But valvular incompetence is also found in the calf and 
LintonS lias recently studied them in great detail. KosinsUo described 
the variations of the short saphenous system. 
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The proper performrnce of .he Trendelenburg .c« and ... .n.erpre- 
rl.on IS .nipor.int as .he n.ioml trea.men. ot .he ind.Mduil rase n,l| 
grea.I> depend on .. The pa.enc> of .he deep sens is .ested bs .he 
method of Perthes (F.g 9) rollosv.ng the cons.no.on of the sapl.cnon, 



Ficlri: S a bloftoiii ai (lie lot cr ihlril of the iht^h en the puietil m atkol 
to cough the tntcrirtl finger fcch an impiilte from (he deep te nt even ll the »apl en ut 
tcin IS comprested at the wphenofcmonl jnnciinn Note again the relaNCtl jnliet— 
etpeciall) the iraimerse arch— and a I union 

\em b) 1 tourniquet, Mgorous musaihr exercise, such as bending and 
extending tlie knee is carried out ten times Jf the deep \cins arc jxitciu 
blood IS sucked into the deep veins and the superficial varicosities diinin 
isli m size ^Vhen the pressure of the tourniquet is suddcnlj released the 
filling from above demonstrates the amount of blood aspirated into the 
deep veins In case of deep venous obstruction or increased deep venous 
pressure no diminution of the vancositicv vtill take plarc The. ttst nii) 
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gne a questionable result t^hen so many commumcaiing t^ahes are m 
competent that a steady reflux occurs from the deep to the superficial 
t eins. 

Latent infection in the superficial or deep tenons system should 
alua)s be looked for before instituting treatment Manifest phlebitis 



firuKF 9 The Terthn ic^t A iQ\«ci is (hronn around the thigh and luisicd <-0 as to 
compress Uie saphenous sem \ igorous flexion and extension is earned out ten times Note 
how the \eins collapse folloMng exeiase Wlicn the pressure isreleaseil the sems fit! again 
(ram ahose. dcmonsiraiing the amount of blood aspirated into the deep veins during 
exercise (deTaVdU Varicose Veins in Tcxibool. ot Surger>." edited by Frederick 
Christopher, 2nd Fxlmon B Saunders Company, Phibdclphii and London) 

IS discussed in Chapter LVI But a latent phlebitis is often present in 
patients with little or no subjectue symptoms Its recognition is impor- 
tant for infection mi) be reatlilj stirred up during treatment and may 
result in massne thrombosis, weeks of enforced bed rest and pidmonar) 
embolism. Most of tlie complications following the injection treatment 
of xaricose teins can be traced to an actuation of a latent phlebitis 
When the latent infection is in the superficial \cins. the palpable 
\eins are thickened, tender to touch and small plilebolilhs are felt. The 
skin over these xeins is definitely svatmer than elsewhere. Clianges in 
ueather bring on an Increased sensititic) in the reins just as in rheumatic 
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joints. The sedimentation rate is accelerated. A simple puncture of suth 
a vein may provoke a segmental phlebitis. The sclerosis of valves grad 
ually leads to incompetence. 

Latent infection in the deep veins, especially in the tributaries of the 
common iliac vein, manifests itself in recurrent attacks of mild edema of 
the limb or groin, frequent micturition, and the so-called "pelvic neuritis" 
which occurs often after a manifest pelvic phlebitis. This pain usually 
radiates along the sciatic and less often along the femoral distribution and 
is probably due to thrombosis of the veins accompanying nerve trunks 
or thromboses of the branches of the hypogastric vein, producing spasm 
of the pyTiform muscle and thus producing sciatic compression. 

Finally latent infection in the muscle veins of ilte calf, following 
trauma or deep phlebitis and producing valvular incompetence of the 
communicating veins must be watched for. Thromlxiscs of the muscle 
veins, as pointed out by John Homans.io arc more apt to produce pul- 
monary embolism than any other form of thromliosis Injections into 
such veins produce localized swelling and tenderness of il»e calf muscles 
and may stir up a real thrombophlebitis. Swelling of the calf, increased 
skin temperature over such areas and increased sedimentation rates are 
the warning signals 

It is impossible to give an arbitrary time for the subsidence of a latent 
phlebitis. Foci of infection must be cr.idicatcd. Locally, mild doses (loo 
to 120 r units) of roentgen-ray treatment and, in superficial phlebitis, 
iontophoresis with mecholyl hasten to clear up the infection. The pro 
longed use of adequate elastic compression with rubber bandages or gela- 
tin casts hasten the quiescence of the phlebitis in the muscle veins 

I have dwelt at considerable length on these latent, "resting" infec- 
tions because most of the untoward consequences of the treatment of 
varicose veins occur through the nonrecognition of latent infection and 
its activation during treatment. Edwards,il however, feels tliat the in- 
flammation is not a bacterial one and that the phlebitis of the varicose 
vein should be treated as if the phlebitis were absent. 

COMPLICATIONS OF VARICOSE VEINS 

Varicose veins tend to progress by forcing open more and more 
valves in the saphenous and communicating systems IMicn the chronic 
venous insufliciency reaches the venules of the skin, the subpapillaiv 
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plexus and its tributaiies ire flooded with bloorl and produce the »n 
sightly spider bursts or racl.et bursts 'ITiese stellar patterns of small 
cutaneous seins may occur m the absence of marked \ahiihr incom 
peience and must be due to the atou) of muscular mechanisms often seen 
in uomen around piibertj and menopause 

The skin in progressne \enous insufficienq becomes dr} thin and 
seal) Later it becomes pigmented and is easily \ulnerable In the pres 
ence of a thrombophlebitis of the subcutaneous and cutaneous sances 



Ficimr 10 T^jcal wr (p*c i Jeer on U c inner 3«peti o| ihe nif rb a veno 5 pool 
aboie ihe ulcer T^Jiere js a ‘eni 1 «oall leer licl the ii'tllcol 11 h ch oot more 
t me to heal than the large ot c Note the il ^ e o( 1 I imi n or I n phsi s IcTaklfi 
Surg Gynec and Otwl ) 

huge patclies of induiatioii develop the skin o\ei these is a gloiS) dark 
red to purple and later lakes on a dark brown color The suht-uuneuus 
induration IS die result of edema J)niphstasis and gradual^ lesuhsin in 
exiensne fibrosis of tlie tissues which only adds to impaired numtion 
A weeping or dry eczema or a ringitorm infection is not infrequent 
Tlie skin bleaks readily at the site of pre\aous pigmentation or m 
duration as a result of mild trauma or following a thrombosis of 1 
cutaneous vein above which the skin ulcerates The common site of 
ulcers is on the inner side of the calf two or three finger breadths above 
the inner ankle (Fig 10) Tliey may appear however over the external 
ankle or below the ankles At tins laitei site they arc especially painful 
and resistant to treatment 
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XXhile some large ukers are comparative!) painless some vers small 
ones especiall) at the level or below the anhles arc excrucntingl) pain 
ful The cause of this pain is found in small neuromas embedded in the 
fibrous base of the ulcer or an actual encroachment of the ulcer on the 
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saphenous or posterior tibial ner\cs Such ulcers produce paroxysmal 
attacks of pain anenal spa in and sweating not unlike a ciusalgia 

Other ulcers are less painful but become infected with organisms 
which retard its healing Smears and cultures taken from the base of 
the ulcer may re\cal hemolytic streptococcus hemolytic staphylococcus 
diphtheria bacilli and many other organisms such as Mcleiicy s iiucto- 
aerophilic streptococcus all of avliich recjuire special treatment Gencr 
ally speaking the bacteriology of these ulcers is not remarkable and 
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slioulcl onl) be studied ulien the ulcer is lefnctory to the ustnl foims 
of tieitment 

Vincose ulcers beln\e and piogress siinilarly to duodenil iikeis 
They may be superficnl with soft edges healthy gnnuhuons and a 
marked tendency to heal or they may be inflamed with a hard indurated 
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margin a glossy pale or gieeiush necrotic base and may he lesistant lo 
treatment If an ulcer icsisis tieatment one should look for (i) poor 
arterial circulation (2) extensile scarring and lyinphstasis around the 
ulcer (3) a too large defect to |>crniit sjjontancous epithelnation 
(1) a specific bacterial infection (diphihena ^^elene> s streptococcus 
ujth symbiosis) and (r,) the possdnliti that tlic ulcer is not a \anrosc 
or ihrombophlebitic ulcer 
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Just because there are a fen aems present not c\cr> leg ulcer is due 
to \enous stasis or mnammation (Figs ii md i") Tims lues uihcrcu 
losis m>cotic infections in>cosis fungoids and trophic ulcers should 
be considered Out of 500 leg tilcers in) associates and I base reco^nuctl 
three luetic two tuberculous ulcers and one case of mjcosis fungoub 
Obviousl) the incidence of tliese mil tar) according to localities Flic 
distinction between laricose and ihroinlioplilebitic nicer is oficn iindt 
Tlie latter is characterized bj edema induration and Ijniplistasis around 
the ulcer hidden below all this there is \al\ular incompetence of the 
communicating \eins flooding the area with stagnating poorl) o\)gen 
aied blood The taricose ulcer on the other liand maj show a remark 
able absence of these complicating factors and therefore is more rtspon 
sivc to treatment 

Another complication of enricose terns is the rupture of a \arix with 
consequent hemorrhage Tins iisiiall) occurs from a thin walled unin 
fected \em and is \er) rare in in> experience because the superficial 
\eins are more apt to detelop thick fibrous emts and thromlKMcs ilms 
protecting themseltes from heinorrhage 

Thromboplilebitis of ilie \aricosc \ein 1$ a frequent and iniporiani 
complication I hate referred to its htem forms it it discussed in 
Chapter LVI 

TREATMENT OF VARICOSE VEINS AND COMPLICATIONS 
The aim of an) i)pe of treatment is to rehete the increased litdro 
static pressuie Palliatitc measures consist of a smigl) fitting chsiic 
support winch produces light hut cten pressure and should reach aliott 
or at least to the let el of taltiilar insufficienc) Tbit ideal can seldom 
be accomplished b) stockings on the market as tlitt arc intarnbly too 
short When made to order stockings of elastic varn or merccrizetl silk 
should extend to the groin Flasttc crepe clastic adliesitc and ndiher 
bandages may gite good supjwri and arc more often used bt men women 
frequently object to their appearance Unnis paste boot consisiin„ rf 
zinc oxide glycerin gelatin and water has its greatest usefulnest in 
chronic indurated tilcers or potiphlelmic induraiioiit Ilindigcs vuunted 
w ith tins mixture are now ott the market 

Such treatment hy clastic stipjiort « adustd in 1 piiicnt whose age 
infirmity or prejudice against other prtKcdurts present the use of an\ 
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other method In addition uomen in the last fei\ months of pregnanc), 
or patients during and after other fonns of treatment obtain considerable 
lelief from a well applied elastic support 

Treatment by rest, eleaation and hot boric dressings may become 
necessary m the presence of acutely inflamed \ems or ulcers Within a 
fen da)s houeier, the patient may get up and nnlk Ambulatory treat 



Fircrse i5 Tfte < al< aUr mce/iantsm ot the •««* of fl «• lot «■ c*ctK?frrtf j' r/ oro ms^ 
be (1) an incompetence <f the fernoral \ahe rarely on a congenital baiK osuall} a^ i 
rciuU of a femoral thrombosis >%ilb sfenocic and r^rgitation (2) incompetence of 
saphenous talves often hereditary and a^ranted by postural strain or traumn (3) cncom 
pcteiice of liie sahes of the commtimcac ng vc ns usually dtic to increased pressure in the 
deep \cins follossmg iliofemoral thrombosis and i>otne(i<ncs to trauma or phlebitis in the 
imiscic seins 

meni in the majont) of cases is desirable as the muscular contractions 
fa\or empt>ing of the venous pools and when supported b> elastic com 
pression pain and edema rapidlj subside Prolonged immobihration of 
patients suffering from varicose veins increases the percentage of deep 
venous thrombosis oi embolism U is for this rcison tint patients under 
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going surgical procedures or expecting deliver) ln\c i slighil) but defi 
niiel) liigher incidence of thromboses iiul benefit b) i prcbmnnr) 
obliteniion of the superficial venous dthtations 

The rational treatment of varicose veins is a conijilctc and if jMissiblc 
permanent obliteration of the vancosiiics Of the man) prcKcduies prve 
need thioughout the centuries some nietliods have been discarded some 
Iiave been revived and some undergo continuous modificaiion This 
discussion will be limited to iuciIukIs developed and practiced in m) 
clinic during the past 12 )cars 

\\ ith the help of the above described circulaior) tests of licndclen 
burg and Pertlies one must obtain an insight into the valvular defects 
of the venous network. (Fig 13) The diagram illustrates that funda 
mentall) a valvular defect may exist (1) in the femoral valves ftroxtnnl 
to the saphenofemoral junction (2) in the valves of tlie s.iplitnous 
svstem either the external or internal saphenous vein and (j) tn the 
( ominunif alt ng veins connecting the superficial and deep venous sv steins 
These three possibilities or their combinations require indiv idiial ainl)sis 

Valvular insufTicienc) of the iliofemoral vein occurs snmtiimcs as a 
congenital defect hut mostl) as a result of iliofemoral thiombosis with 
canalization This results in a marked rise m pressure m the enure 
venous s)stem and both saphenous and comnumicating valves nn) be 
come incompetent The treatment of tins varici) is obviousl) difficult 
and can onl) consist of closing and jirotecting the supcrficnl and mm 
miinicating veins from tlie overflow A ligature of the iliofemoral vein 
to prevent reflux fiom above would onl) tend to inrieasc venous pres 
sure from below and does not seem indicated It should be meniinncd 
however that when tlie femoral vein is ligated in pitients with femoral 
thrombosis to prevent attacks of pulmoinrv embolism the resulting 
edema is surprising!) nuld and not permanent 12 

The i)pical varicose vein is the result of valvular incompetence of the 
saphenous veins The major or internal saplienous vein is most fre 
qiienil) involved and while it ma) be visible onl) below the knee, rare 
fill palpation in the standing position can follow it upwaul on ilic ilugli 
to the groin This palpation is facilitated l>> percussing the vein gcmlv 
below the knee and feeling for the percussion wave at the groin Cough 
ing will also elicit an impulse at the saphenofemoral junction but if 
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coiighiiig results in a hugh thrill such as one obtains in an arteries cnous 
aneurjsm, then the femoral sein is iRely to be incompetent. 

The \alvxilar incompetence of the saphenous xein, eheited in the 
upper third of the thigh, calls for a high saphenous ligation When m) 
associates and I first started to perform this on ambulatory patients, 13 



Ticvkc 14 The tfibutanes of ilte saphenous tein tt ihe sapfaenofemorat ninciirm 
Note that there arc mo >ciim cmm>mg from above, mo from belou and one from the 
medial side This pinern is not aJwajs encoumcred as there arc considerable sanations, 
hut i( well to look for ic 


not enough stress xsas laid on the importance of tjmg the xcin and a 
number of tributaries entering the tetn at tlie saphenofenioral junction. 
A diagram illustrates a pattern encounteted in classroom dissections bj 
Ed\vards.i4 It is well to remember as he points out that some of the 
\eins, especially the proximal tuo, may enter the femora! \ein and that 
ilie superficial femoral seins may join the saphenous \ein at different 
levels. It is obvious that if ligation is c.imed out below these tributaries, 
recurrence m.ay occur through them; therefore, .an .iticmpt is m.idc to 
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expose the snphenofemoral junction and lie all tributaries \isible at that 
le\el. Diagrains made oE the patterns encountered have convinced me 
that the distribution shown in Fig. 14 is not full) encountered in more 
than 25 per cent. It is well to keep m mind, liovvever, that two proximal, 
two distal and one medial tribuiarj' may be present 

The ligation of the lesser saphenous, m agreement with the exjieri- 
ence of Edwards,i 4 has not been necessarj in anj of our cases. This 
vein runs beneath the deep fascia for some distance before it enters the 
deep vein and, furthermore, the popliteal and femoral veins have alxnit 
SIX to ten valves above the entr^' of the lesser saphenous vein. Thus sud- 
den rises of venous pressure, which so readily affect the termination of 
the great saphenous vein, are readil) dampened at this location. 

The v'alvular incompetence of the communicating veins of the thigh 
have had special emphasis by the work of Ochsner and Mahorncr." The) 
pointed to the frequent leaks between the saplienous and femoral veins 
on the thigh and demonstrated, b) modif>ing the Perthes test and pl.ac- 
ing a tourniquet at different levels, that in 33.3 per cent of all their 
cases, the communicating veins of the thigh had incomiicient valves. Of 
200 vein ligations performed in the last two )ears. these leaks have been 
recognized by us 51 times, roughi) in one fourth of tlic cases, and a low* 
ligation just above the knee w'as added to the high saphenous ligation. 
This second ligation as suggested by ^^al^orncr and Ochsner was done 
not ten da)s to three wceV.s after the first one, but simuhaneowsl) with 
the high one. 

The operation is done with small transverse incisions under local 
anesthesia and the patient is cither not hospitalized or kept in the hosjiital 
only for 2} hours. Descending thrombosis between the two ligatures or 
below the knee occurs in approximate!) 20 per cent of the cases. No 
sclerosing solutions are injected into the vein at the time of ojicration 

Tlie valvular incompetence of the communicating veins below’ the 
knee has been studied recenil) b) Linton.® He described three incisions 
through which all of the commimicaling veins could be ligated under 
the deep fascia and found that the inetlial group of veins was most 
commonl) involved. While be reported 50 operations, in ni) mucn.il 
tlicre has been not more than five per cent of all rases in wlilcb this 
extensive operation seemed indicated. It is a new and important con- 
tribution and will probabl) replace the radical excision of veins, wliicb 
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our chnic has done since 1926 in such intncnble cases uhere tlie con 
tinuous spillmj o\er from the deep \eins pre\ented an) firm and per 
minent closure of \ancosuies belots the knee There seems to be no 
harm m trying injections before the subfascial ligations are done When 
the mam tahiilar defects are thus eliminated by prelimimr) ligations 
of the greater saphenous vein or its communications sclerosing injec 
lions must follou to obliterate the dilated segments These injections 

TABLE IV 

CONTR MSDICATIONS TO THC INJECTION TRLAIMENT OF 
Varicose Veins 


A SssTLMJC Diseases 

Angina Peclotts History of attacks 1$ important 
Hyperthyoidism Acute thyroid crisis may be precipitated 
Active Tuberculosis Slight pulmonary dianges may flare up after the 
use of tissue irritants 

Acute Colds Infections These conditions may be seen in office patients 
and may be oierlooked or n^Iecied Injections may be follot^ed by 
phlebitis 

B LocAU Conditions 

1 hnpanmcnl of Arterial Circulation 

2 Lack of Patency in the Deep I cuts Test of Perthes 

3 ThiombopUlebilic Edema uiih a history of deep plilebiiis 

4 Acute 0 ) Subsiding Superficial Phlebitis Latent infection ina\ 

persist for years and may become acme following injection The 
actjMty of the latter two conditions may be gaged by the scdi 
mentation rate 

* M«lM3it Vwic Vciu nuUiiun.) 

gnen alone, uutlioiit the support of preliminary ligatures promptly 
produce a well adherent rapidly oiganizing thrombus but tins thrombus 
recanalizes unless the back pressure from die deep \eins is reheted by 
ligatures With the exception of a few authors if* if the principle of 
preliminary ligation has become avidely accepted 

Some authors inject the distal stump of the severed sein, but we 
prefer to wait a week or ten days after \ein hgaiion As pointed out 
before there is a latent infection pieseiit «) rrctjuenily tint a spom ineous 
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thrombosis readily takes place in a number of patients and may make 
simultaneous injections unnecessary and csen uncomfortable. 

Injections are started into the highest palpable \-aricosities and pref- 
erably in the horizontal position. Should the \eins be collapsed, a 
blood pressure cuff pumped up to Go mm. of mercury or a rubber tourni- 
quet, is placed proximally to the site of injection. This procedure readily 
distends the varicosities I prefer solutions that may be ghen with a 
hypodermic needle and syringe and need no special equipment. In a 
table prepared for the v-nricose \ein exhibit of the American ^^e(l^cal 
Association, ue have listed the most frequently used solutions, their 
dosage and their advantages or dis.nd\antages (Table V) . At present ilie 
five per cent potassium oleate solution is my choice; wlien a more 
intense action is required, as in large varices with a scarred imima or 
saccular varices, behind which an incompeicnt communicating valve is 
hiding, a ten per cent concentration is used. In small thin walled veins, 
or "spider bursts," 50 per cent dextrose is the most harmless and least 
irritating. 

These injections are given ivvice a week, three or fom veins being 
injected at a time The cnamping with the oleates is minimal. Untoward 
symptoms consist of pain at the sue of injection due to perivenous infil- 
tration, drug sensitivity, especially seen after quinine solutions but not 
so infrequently after sodium niorrliuatc and fimlly a vasovagal syncope, 
occurring in certain individuals when injected in the standing position 
Of the late reactions one must mention the possibility of sloughs which 
follow faulty technic, but occnsiomilly may occur several inches distally 
from the site of injection as a result of leakage through thin walled, 
cutaneous vances Skin necrosis is cspevialJy to be watched for above 
bony piominences where the skin is tight. Hematomas arc often seen 
in women with fragile vessels or if the bleeding time is prolonged. 
Embolism used to be the most feared complication but is far less frequent 
as after surgical excision, m fact it is less frequent than in noiureatcd 
varicose veins 

An analysis of the reported cases of pulmonary embolism, inchuHng 
two personal observations, reveals the fact that it inv.iriably occurs in 
the presence of activated infection or when for any reason prolonged 
immobilization becomes necessary. A study of the histologic c/Tccts of 
these irritating solutions reveals that the endothelial injury resuhs very 
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TABLE V 


Ti TE A^D Amov\t of Soi lmo^s Used for Isjectisc Varicose Veins 


Soldhort 

Vavtmal 
^iioHnl al 
Oil' Injtc 
lion rc 

Admnlages 

Disciiiantages 

Indications 
for Use 

1 15to20fX 
sodium cbloride 

10 

Nontoxic 
prompt action 

Marked cramping 
danger ol necrosis 

In hrge thick veins 
preferable in combi 
nation with dextro^ 

2 30% dextrose 

20 

Nontoxic 
blight dangero 
slough slight 
cramping 

Not irritating enough 
for larger v ein« 

For smaller thin 
walled veins 

3 30*'p sodium 
chloride and 
50% rlertrose 
equal parts 

10 

Nontoxic 
prompt action 

Marked cramping 
necrosis only if large 
amounta ace injei rexl 
i>esde tie vein 

Most universally use 
ful coni ines the vd 
lantagesand rerluces 
the disadvantages of 
solutions I nnd 2 

i jO to 75% 
invert sugar 

]0 

Nontoxic 
slight cramp 
ing 

Too \i9COiis needs 
large needles causes 
marked penvenous 
edema 

May lie use I instead 
of dex{ro'>e 

S ’ 0 % sodium 
chloride 60% 
invert sugar 1 % 
benzol carbinol 

10 

Nontoxic 
si ght CTamp- 
ini. 

Not very' active 

Oenenll) useful 

6 20 to 40% 
sodium saltc> 
late 

5 

Prompt action 

Very painful danger 

of necrosis salicyl 

ism 

Cenerallv useful witli 

caution 

7 10 7o quinine 
with urethane 

2 

Prompt action 

rapid cure 
painless 

Cinchonism anaphy 

lactoid reactions 
danger of necrosis 

Resistant varnes test 

for individual sus 
ccptil ihtv 

8 a to 10 % 

sodium morrhu 

ate 

1 

Nontoxic 
rapid action 
slight danger 
of slough 

MxrkeU cramping and 
penphlel itis '<nsi 
tization 

Generally useful test 
for susiej id ility 

9 5 to 10% po 
tassiura oleafe 

2 

Nontoxjc a 
stalile com 
pound 

Very occa«io nl sensi 
tization 

\ll v’ances except 
small thin willed 


{\nicTicin Mnlial Mw \ancwvc %nn BuHctin) 


quickly in a fixed thrombus (Fig 15 ) Onlj if an ascending red thrombus 

IS superimposed on this and if the dihied saphenous aein is svide open 

touard the femoral vein, is embolism to be feared Thus the prehmmarv 

ligation adds a safeguaial against embolism and onl) b} mobilization of 
a thrombus m a muscle vein could an infarct be produced In over 1000 
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ambulaton vein ligations performed by m> associates or nnself nnlv 
tuo cases of clmicall) rccogni/cd embolism occurred Houcser no 
such procedure cair ever be entire!} devoid of tliis danger. Keeping the 
patient ambulatory and making the stump of tlie saplienotls vein as short 
as possible are added safeguards If one were to condemn a nicdiod foi 
a possible incidence of embolism, fractures could not be splinted and 
hernias could not be repaired. 


FiciRi 13 J, Section o( the wall of a %ein one wctl liter (he injeditiii of a 'iQ per 
cent dextrose The incima is destr«>esl There ts in acme orRinintion of the clot as tom* 
pircsl with f! winch is an old bhml iliromhiis of the line \ctn In spite of tin a^e of the 
thrombus as shown b) the intimil scar there is no tcmJcnc> to or^nue thcclot (delaUis 
Slug C)nec andObst) 

When adequ.nte folloss up records arc kept and the patient seen c\ci j 
thiee months for seseral >ears, the perccnt.agc of recurrentes is quite 
large in the absence of sent ligations. Although their scries is small, 
Ochsner and Mahornei base published the most enlightening figures 
on the comparatise saliie of dilFcrcni piocethires. Thus injections alone 
resulted in js 5 per cent cure, high saphenous ligations combined ssiib 
injections gase an 82 per cent recoscr), ssliereas a lou* saphenous ligation 
resulted in a 50 per cent cure. 

The o-icatest difficult) is entoiintered s\ith patients svho have Inti 
a deep plilebitis and base developed an iliofemoral and commiinirating 
\al\ular insufficienc) As earl) as 1930. sve advocated a radical intcrruiv 
tton of these communicating veins below the knee.i^ ^Vheilicr the ncu 
approach of Linton is the answer to the problem is too early to viv. 
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The nnnagement of die complications of \'aricose \ems should smt 
b) treating the varicose \eins m the same manner as tbougli the complica 
tions did not exist In addition ringv%orm infections are punted with 
antiseptic dyes Weeping and dry eczema may require dermatologic con 
sultations Acutely inflamed ulcers are immobilized with hot boric dress 
mgs for 1 few days If the ulcer is surrounded by a hard indurated mass 
It IS best to excise it together with the underlying fascia Pinch grafts or 
split grafts are applied a few days later to cover the defect Painful ulcers 
may be desensitized by crushing their sensory nerve with a hemostat 
which provides for an anesthesia of several months duration without 
motor mvolvement, using the method that SimUiwick and ^Viute have 
advocated in arterial diseases i" rmally extensive use is made of the 
gelatin casts of Unna which constitute when pioperly applied the most 
satisfactory dressing for all leg ulcers 
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CHAPTER LMI 


PATHOGENESIS AND TREATMENT OE EDEMA 

By Euct\L M Landis M D 

Introduction Edemi is said to be present t\hen tlie tissues tonnm 
grossly abnormal amounts of fluid With rare exceptions these collections 
of fluid are intercellular distending conspicuously tissue spices ulutli 
normally are entirely collapsed or coniitn only minute imounts of tissue 
fluid Edema may be local or general As examples of local edema the 
urticarial tvheal the suellmg of inflaniination and the periorbital suell 
ing of tnclumasis arise from abnormaliitcs of fluid balance in restricted 
areas The present chapter however deals primarily with the gencrahred 
forms of edema in which the disturbance of fluid balance is widespread 
In mild cases edema may be grossly obvious only in the subcutaneous 
tissues of the ankles or face but in severe cases the subcutaneous tissues 
of the enure body are markedly involved often with extension to some 
or all of the serous cavities These generalized forms may be subdivided 
clinically into cardiac edema nephrotic edema and that form winch 
though still termed nephritic edema is now believed to be due to 
widespread abnormality of the capillary blootl vessels 

CUnically edema is tdenhfied by fnlting on Itressure bul this is a 
relatively crude test since limb volume and body neight mud be greater 
than normal by ten per cent before pitting can be demonstrated defimtely 
Finer methods of examination will detect fluid retention of milder grades 
termed preedema or abortive edema in which the volume of tissue fluid 
is greater than normal but still not great enough to permit pitting on 
pressure 

This gradual transition from normal fluid distribution to gross chn 
ical edema suggests tint the pathogenesis and treaimem of edema sliould 
be described in terms of those factors which normally control (<i) the 
total amount of body fluid (b) the movement of fluid to and fro bciw cen 
the tissue spaces and the circulating blood and (r) ihc distribution of fluid 
between various portions of the body 
(1796) 
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I FACTORS CONCERNED IN THE NORMAL 
DISTRIBUTION OF BODY FLUIDS 

The occunence of edema rccc^mzed as an otttsiandzng medical prob 
lem e\ en before the time of Gaien led to the proposal of maii> hypotheses 
concerning the mechanism tv Inch controls tlte transportation and dis 
tnbiition of bod) fluids It tvas recognized quite eailj that in normal 
induiduals the aolnme of tissue fluid suffers only transitory and small 
changes despite tvide variations in avater intake activity and posture 
On the other hand if there is some tendency touard edema formation 
the copious ingestion of water usually increases the normally meager 
amount of tissue fluid until clinical edema appears These patients suffer 
apparently fiom a more or less serious breakdown of the normal mecli 
anism of fluid transport 

Starling 1 in i8gG advanced ilie first leasonably complete hypothesis 
explaining the mechanism by whidi equilibrium is maintained between 
blood and tissue fluid under diverse conditions The essential parts of 
this hypothesis can be summarized under four heads (a) The blood 
flows through the capillary network under presstne which if unopposed 
filters fluid from the blood plasma tluoiigh the capillary wall into the 
tissue spaces (6) The capillary wall though permeable to w uer salts 
and simple organic compounds is m most tissues relatively impermeable 
to the plasma proteins (c) Tfiose substances (such as salts urea creat 
mine glucose etc ) which pass easily through the capillary wall and are 
piesent in approximately equal conccntnuion m blood plasma and tissue 
fluid cannot exert a permanent osmotic pressure across tlie capillary wall 
and should not therefore affect the distnbution of fluid except tern 
poranly (d) The plasma proteins by reason of their greater moleailar 
dimensions are retained by the capillary wall and thereby develop a 
small but physiologicall) important colloid osmotic (or oncotic) pres 
sine which if unopposed leads to absorption of fluid from the tissue 
spaces 

According to Starling therefore the constancy of blood volume and 
tissue fluid volume depends primarily upon the balance between capil 
lary blood pressure and the osmotic pressure of the plasma proteins both 
acting in assoaation with a capillary wall wincli is relatively impermeable 
to protein This ingenious hypothesis though theoretically sound w-as 
for many years open to considerable cniicism ovung to ilic difTailucs 
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surrounding direct measurements of cipilhr> blootl pressure and of the 
colloid osmotic pressure of the blood plasma Recent work Ins how 
e\er indicated the fundamental aalidit) of tins concept 

EpstemS m 1917 called attention to the relation benveen nephrotic 
edema and lotsered concentration of the plasma proteins \Var edenn 
a\as also found to be associated avail Iijpoproteinemn ^ It was observed 
that the edema disappeared as soon as adequate protein intake restored 
the normal concentration of the plasma proteins - ^ That the colloid 
osmotic pressure of the plasma avas reduced in some t)pcs of edema ans 
definitely established by Krogh •* Sdiade 5 Goaacris Mejer * and others 
It became evident however, that m other t)pcs of edema the plasma 
protein percentage was within normal limits 

During this same period Krogld and LewisS showed conclusively lint 
the capillary vessels are themselves independently contractile and that 
they are capable of responding individually lu a delicate manner to the 
circulatory needs of the immediately adjacent tissues However the 
circulating blood is still separated from the tissue spaces by a single layer 
of endothelial cells which fonn the walls of the capillary vessels It is 
to be expected tliat the properties of this membrane will affect the move 
ment and distribution of body fluids 

The observations of Krogh indicated that the capillary walls collcc 
lively offer a tremendous surface for diffusion and fluid movement sintt 
their total area in the human being amounts to at least G300 square 
meters Chemicalio and physiological n studies agreed m sliowing also 
that the capillary endothelium behaves like a passive (i e , nonsecreiing) 
filtering membrane It permits water salts and simple organic com 
pounds of small molecular size to pass rapidly but under ordinary con 
ditions retains the plasma proteins as well as certain foreign tolloulal 
substances which are composed of large molecules This relative impcr 
meability to protein is lost howevei with injury of any kind as will be 
described below 

Direct cannuhtion of single capillaries has also shown*' U 12 that 
in the arteriolar portion of the capillary network average blood pressure 
IS greater than the colloid osmotic pressure of the plasma proteins On 
the conirary in the venous portion of the capillary network average 
blood pressure is less than the colloid osmotic pressure of the plasma 
proteins Thus these two forces are actually balanced so that on the 
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average such filtration as lakes place in the arteriolar portions of the 
capillai) bed is bahnced b) absorption m the venous capillaries and 
minute venules H Figure lA illustrates this relationship diagr'imm'ui 



Fiolhf 1 Diagram ilUi^tnclng filiralion and atwrption m rehiion lo capillar) hloocl 
pressure and the colloid (niaoiic pTC>fUfC rf ihe plasma proteins /! Normal roiidiiions 
with Inlaucc bctu cell fiUniion shown 1>) upward arrows and absorption shown by down 
ward arrows It Increased filtration due to htgji ckpitlary blood pressure C Increased 
nitration due to louered colloid osmotic pressure D Increased filtration due to capillary 
damage '\hich by permiimig leakage of protein reduces the clTcctuc colloid osmotic 
pressure of the blood 

call) Supported b) cliemical and pb>sio]ogicaI evidence, the Starling 
hypothesis foniis a logicil bisis fcK- classifying the fictois responsible 
for edema 
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II. FACTORS IN THE PATHOGENESIS OF EDEMA 
The knoAvTi ph>sical factors whicli fa\or the production of edenn arc 
listed to the left in Table I Xliose factors is Inch arc designated “prinnT^" 

TABtX I • 


Fatlors Paronng £deina Formation 
A PRIUIRI 

1 Elevated capillar) pressure 


2 Lowered colloid osmotic pressure 


3 Damage to capillar) wall 


Clirtucl FjcampUs 


1 (a) Venous compreoion 
(i) Thrombophlebitis 

CarJiacedema Kith scoous ronj,teCion 

2 (a) \uiriiiQnal edema 
(h) Xephrotjc edema 

(<) Cardiac edema late stages with mil 
nutrition 

3 (a) Inflammatory edema 
(t) Nephritic edema 

(e) Cardiac edema rhronic anosemn 


4 Li mphatic obstruction 4 


B CONTRIBVTORl 

S Low tissue pressure S 


(а) L)mphedema 

(б) Cardiac edema with venous congest ion 


Edema of periorbita! tissues and gem 
talia 


6 

7 

8 

9 

10 


High NaCl intake 
High fluid intake 
Warm eniironinent 

Disturbed innervation 

Alisceltaneous 


6 

8 

9 

!0 


Increases edema if water i< available 
Increases edema if NaCl is available 
(a) Heat edemi 

(h) Increases all l)pcs of edemi 

(а) Tropho-edema 

(б) Unilateral edema m hcmiplegn 

\7tarnin Bi defiaenc) (?) llorinimal 
abnormalities (’) 


are fundamentally impornnt since each one, in sufficient grade, can by 
Itself pi oduce edema In addition, hot\e\cr, certain other influences, nhich 
do not ordinarily produce edema of themselves, can modify the seventy 
of, or cliange the distribution of, edema produced by one or more of the 
priman causes These have been namcti "coiitnbiitDrj factors because 
of their secondary importance To the right in Table I are shown clinical 
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examples iii ^vhlch these forces piimiry or contributor) are frequently 
observed From the nature of the forces imohed and their opposite 
action It IS to be expected that edema can be due (a) to gross abnormali 
ties of certain single factors or (h) to die combined effect of sesenl 
factors acting together 

1 Capillary pressure, owing to conspicuous spontaneous Mnation 
can be described by absolute figures only when large numbers of direct 
determinations are averaged under standard conditions W ith tins 
reservation average human capillary pressure at heart le\ei can be said 
to be about 32 mm of Hg in the arteriolar capiUaiies and !•> mm of 
Hg in the \enous capillaries 12 Capillary pressure is incicased in the 
normal subject (n) by aiteriolar dilatation from local heating inflam 
mation or the accumulation of tissue metabolites and {b) bv theele\ited 
tenons pressure which is produced by lowering an extienuty below heart 
Jeael Under tJiese conditions filtration pietlommaies and ibsorption is 
diminished 

On the contrary local chilling 01 raising an extremut abo\e heirt 
level diminishes capillary pressure so that filtration is difficult and absorp 
Cion predominates Jn spite of these physiological fluctuations of captl 
hry pressure and fluid movement the normal subject fails t > develop 
clinical edema because the imbalance is transient the movement of 
fluid IS limited and the temporary distortion of fluid balance is tot 
reeled by greater movement of lymph so that the \oIume of tissue fluid 
though measurably increased does not become dangerously large 

Of greater clinical importance are the persistent elevations of capil 
lary pressure which by reason of their duration disturb fluid balance 
to the extent of producing clinical edciiia Whenevei venous pressure is 
continuously elevated (Fig i B) by a tight bandage by tfie internal 
obstruction of thrombophlebitis or by the external pressure of a neo 
plasm filtration is increased and if the imbalance persists long enough 
edema appears As would be expected if the veins and lyinplntic vessels 
are both blocked the edema apjiears earlier and is more conspicuous 
In ambulatory patients most forms of edema tend to appear first in the 
region of the ankles because the added hydrostatic pressure of the blood 
in the vertically placed veins accentuates the tendency for fluid accumu 
lation in dependent tissues "When the patient is confined to bed the 
horizontal position eliminates this hydrostatic tlisadvantage and the 
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anUes quicU> become less edematous as the ntnd inoscs lo ilie sacral 
region, the face, or the body ca\iiies. Tliis same Iqdrosuitic clement is 
responsible for the greater edema of one side of die body. >shich is fre- 
quently observed when a grossly edematous patient lies in one jiosition 
for prolonged periods Increased \enou$ pressure is also an imijortant 
factor in the edema that accompanies congestive heart failure. 

In clinical conditions it is safe to assume that capillary pressure is 
abnormally high whenever venous pressure is above nonnal. Keyond 
this our knowledge of capillary pressure in disease is meager. The van* 
ous indirect or capsular methods furnish very diverse results which arc 
open to criticism on technical grounds Direct measiircnients by caimiil.i- 
tion of single capillaries have provided considerable information con 
cerning normal capillary pressure and its variations. This acairatc, but 
technically laborious, method is difHciili to apply to clinical problems 
because the great normal variabihiy of capillary blood pressure requires 
that large numbers of single readings must be averaged if significant 
values are to be obtained 

2 . Hypoprotetnemia and Reduced Colloid Osmotic Pressure of the 
Blood Plasma: The plasma protein percentage is normally fairly con 
stant, ranging from 65 to 8.0 Cm per cent, of which globulin forms 
from 1.2 to 3 o Gm. per cent and albumin from pG to 5 0 Gm jicr 
cent The colloid osmotic pressure of the plasm.a proteins, detennined 
directly in a suitable osmometer or calculated from chemical analyses of 
total protein and albumin. is ranges normally from 21 to aG mm. of Hg 
with an average of 24 mm. of Hg. Under normal conditions, fluctuations 
in the concentration of plasm.i proteins, and therefore in the colloid 
osmotic pressure of the blood, are small. Plethysinographic studies in 
nonnal subjects indicate that even these small fluctuations affect fluid 
movement as would be eNj>ected from the Starling hyjKiihcvis. but die 
changes in tissue volume are not great enough to be visible or even 
detectable by ordinary clinical methods n In c.xperiniental anirmls. 
however, gross hypoproteinemia has been produced («) by plasmapherc- 
sis.iSand (b) by protein smrvaiion Clinically detectable edema dcvelojis 
in these animals when the pbsm.a protein percentage is reduced to jo 
Gm. per cent or less, and persists as long as this hvpoproteineniia is 
maintained. 
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In piiients h>poproteinemn is responsible foi ilie edema issocnied 
«ith prolonged protein stanation and uitli the nephrotic syndrome In 
these tuo conditions slight edema is usually found in ambulatory patients 
uhen the total plasma protein percentage is less tlnn 55 Gm per cent 
and nhen the colloid osmotic pressure of the plasma is less than 17 mm 
of Hg Definite edema is practically always present in untreated patients 
if the plasma proteins are beloi\ ^ 5 Gm per cent ic The concentration 
of albumin is more important than that of globulin and total protein 
because the albumin molecules being smaller are osmotically more 
actue and are chielly responsible for the colloid osmotic piessiire of 
the plasma The plasma albumin is reduced most conspicuously in the 
nephrotic syndrome and the colloid osmotic pressure of the blood can be 
as low as 8 mm of Hg or only one third us normal let el Under these 
conditions capillary pressure is largely unopposed and filtration is cor 
respondingly great (Fig i C) In mild nutritional edema the protein 
deficit arises either from proportional reduction of albumin and globulin 
or more usually fiom excessne reduction of albumin In adi anted 
cardiac disease avatli prolonged nnlnutrmon mild grades of hypopro 
teinemn due to \oluutary restnction of diet are often associated with 
moderate \ enous congestion the resulting edema being of mixed etiology 
3 Permeability of the Capillary Wall In tlie human extremity 
under normal conditions the capillary walls are approNinnttly per 
cent efficient in presenting the passage of plasma proteins Iinpermea 
bility to proteins is not absolute but is so nearly complete that the ton 
ditions required by the Starling hypothesis aie fulfilled for all practical 
purposes Thus in discussing the pathogenesis of periplieral edema 
estimations of the colloid osmotic piessure of blood plasma made in iilro 
against a totally protein tight collodion membrane can be used justifiably 
to express the effectiie colloid osmotic pressure of the blood against a 
nonnally protein tight capillary wall This is not tuie howeser if ihe 
permeability of the capillary wall has been increased by injury Normal 
capillary filtrate according to indirect esidence contains protein in 
concentiations of o 'y pei cent or less Similarly edema fimd produced 
meclianically under conditions in which capillary permeability is still 
rclatisely normal generally contains from ooj to 0 j per cent protein 
ITheneser tissue fluid accumulates in txressne ammints it passes 
promptly into the lymphatic \cssels from sslucli it can be collccteil as 
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l>nipli With certain precautions the protein content of this hmpli cm 
be used to estimate the protein content of tissue fluid and therefore ilie 
grade of capillary impermeabiht) nith respect to protein Driukeri*' 
found that in the extremitj l)raph produced by mild senous congestion 
contains as little as o 25 per cent protein uhereas lymph from exercising 
muscle usually contains 1 o per cent protein This suggests that niuscul ir 
activity increases capillary permeability slightly Earlier studies shouctl 
also that hepatic and intestinal capillaries are more permeable than iliosc 
of the extremities Under normal conditions houescr the lymphatic 
system rapidly carries auay the surplus tissue fluid and clinical edema 
does not occur 

Gross injury of any type increases tlie permeability of the capillary 
wall so that the plasma proteins pass \ery easily and the filtration of fluid 
15 increased to as much as nine times the normal raten 17 when the 
plasma proteins pass through the capillary i\all they onnot tontrihmc to 
the colloid osmotic pressure of the blood plasma and capillary pressure 
is no longer opposed in the area of injury Therefore filtration is much 
increased svhile absorption is diminished or absent (Fig 1 D) Burns 
se\ere inflammation or chemical injury lead to local edema the fluid of 
nhicli contains as much as fi\e or six per cent protein due to increased 
capillary permeability It is obsious that generalized edema cannot be 
due to gross capillary damage of this magnitude iJiroughout the entire 
body for if this svere the case a shocklike state svoiild be produced gieat 
loss of plasma •uould almost immediately reduce blood \olunie to the 
point at asliich continued circulation avoiild be impossible 

Of more importance in the pathogenesis of general edema arc the 
milder forms of generalized increase of capillary permeability uhich do 
not produce shock but still affect fluid balance slightly over long jjcriods 
of time Combined congestion and anoxemia lead to the filtruion of 
relatively large volumes of fluid containing as much as one or tuo per 
cent protein The protein content of edema fluid from cardiac patients 
IS often above 05 per cent and it has licen suggested that widcsprtatl 
mild injury of the capillary vs all by continued anoxemia may j>h\ a 
role m cardiac edema It has also been found that edema fluid from 
patients with acute diffuse glomerulonephritis often contains protein in 
excess of one per cent indicating slight injury of the capillary endo 
ihelium However the protein content of edema fluid varus widely and 
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furiher stud) tviU be required before it can be concluded definitel) tint 
increased capillary permeability is primarily responsible for these tuo 
types of edema 

4 Lymphatic Drainage Tlie lymphatic capillaries penetrate widel) 
into the tissue spaces mth walls that offer only slight obstruction to the 
passage of water, dissolved salts and sticli proteins or particulate matter 
as may have found their uay into the tissue fluid Excessive tissue fluid 
passes npidl) into the lymphatic capillaries from which as lymph it is 
pushed along the hi^er lymph vessels chiefly by muscular movement 
aided by valves m the larger lymphatic trunks During rest when ibsorp 
tion of fluid by way of the capillaries is active the volume of tissue fluid 
and therefore of lympli is small samples can be collected only after 
vigoious massage of the tissues Dining muscular activity or dining mild 
venous congestion capillaiy reabsorption is diminished and the (low of 
lyanph increases conspicuously The lymphatic system thus protects the 
tissues against the accumulation of abnormal amounts of tissue fluid by 
returning to the blood stieam both excess fluid and such proteins as it may 
contain 

When the lymph vessels arc underdeveloped as they may be con 
genitally or when they are obstructed by lymphangitis or exieinil prts 
sure edema appeals merely because the lymphatic system is unable to 
cope with the physiological amount of tissue fluid that acimmilatcs as 
a result of postural changes or activity Edema of the extremities which 
IS due to dysfunction of the lymphatic system iisell is termed lyanplicdenn 

The large lymphatic trunks empty into die venous system at the base 
of the neck If venous pressuie is elev^ted by caidiac detompensation the 
contents of the thoracic duct meet abnormal lesisiance and the flow of 
lymph into the veins of the neck is impeded This is frequently cited as 
one of the factors responsible foi the edema of ( ongesiiv e heart failure 

5 Tissue Pressure The volume of the tissue spaces normally avail 
able for extravasciilar fluid is limited As exlravascular fluid collects in 
the tissue spaces tlie tissue elements must be separated to accommodate 
the additional flmd Tins distention develops a tissue pressure which 
nciitrali 2 es capillarv pressure and opposes further fiUration Under 
normal conditions tissue pressure helps to prevent excessive filtration and 
assists in maintaining normal blood volume against considerable liydro 
static disadvantage Thus m standing noimal subjects fail to develop 
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edema in dependent tissues because tissue picssuie reduces tlic nic of 
filtration long before limb \ohimc Ins mneased bi ihc ten per unt 
uliicli IS required to produce pitting tdeim 

Tlie mere existence of edenn liowtscr sliows tint this jKisstr of the 
tissues to resist fluid accumuhtion is distiiicti) Innitcd Direct measure 
meni of tissue pressure indiuiies tint ulien a tendenej touaul cvcc^sive 
filtration persists over long periods of time the protcctiie action of tissue 
pressure becomes less presumably because the tissues arc gradually 
stretched \et looseness of the tissues cannot lie the primar) cause for 
the appearance of any edema since the lelaxed abtlomiinl skin f f multi 
parae or the loose orbital tissues are not ctlemaious unless one of the 
primary causes of edema formation is present Houcier if physiri! con 
ditions fa\or excessiie filtration oier long periods the loosely constructed 
tissues mil shou pitting edema before the more compactly constructed 
tissues Therefore nephritic and nephrotic edema may produce suclhng 
of the face periorbital tissues and genitalia before other regions are 
grossly edematous 

6 Sodium Ch’or de Intake The cxecssisc ingesnon of swlnim 
chloride by the normal iiidiudtiat leaiU to thiiu increased ingestion of 
natcr transient slight increase in liody ueiglii folloutd by rapid extre 
lion in ihe urine of both the additional sah and water wiiliom the 
deselopmcnt of edema Hosscser gisen einc of the pritinry factors fasor 
ing edema formation fluid s\ill accumiibic more frcels if salts are avail 
able for the elaboration of a fluid having the native composition of tissue 
nuicl itself TJie excessive ingestion of sodium chloride and watci there 
fore accentuates existing edema or makes latent edema grossK apjjarcnt 
The urinary excretion of sodium chloride and vsnicr is delayed in such 
patients since the vsatcr and salts arc diverted to tlic tissue sjwces This 
facilitation of fluid retention by salt is common to aff fonris of cifema so 
ifiat efficient reduction of sixinnn chloride intake is generally useful m 
the treatment of any edema Hovsever when venous congestion is ex 
trernc or svhen the plasma proteins arc vers low even rigid restriction of 
salt intake will be only partially successful 

It IS the sodium ion and not the clilonde ion that is responsible for 
this retention of fluid In mildly edematous jxatieiits edema is iiiCKasetl 
by the ingestion of sodium cJiloridc sodium bicarbonate or seHlium 
bromide Chlorides such as jx lassiuni chloride ammoimiin chloride or 
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calcium chloride do not increase edema and maj actually decrease it b) 
inducing diuresis. A\-ailable e\idence indicates that these salt effects 
are merely contributory factors in fluid balance and that tlieir action be- 
comes significant only if one of the primary factors is present. 

7. Fluid Intake: The normal indtsidual can ingest large amounts 
of fluid rvithout changing appreciably the volume of tissue fluid because 
excess water is rapidly excreted by the kidneys. In the presence of one 
of the primary causes of edema, and if salt is available from the diet, 
excessive ingestion of watei accentuates existing edema A salt poor 
regime diminishes the amount of water retained even with a Jngh fluid 
intake. Therefore, in the treatment of edema, restriction of fluids is less 
necessary if the intake of sodium chloride is rigidl) himted Ordinarily, 
howevei, best results are obtained from restricting botli fluid and salt 

8. Heat: The volume of the extremities increases, immediately and 
slightly, with local heating or with general body warming In large part 
this immediate increase in volume is due to VTisodilatation and increased 
vascularity of the skin and subcutaneous tissues Superimposed upon this 
immediate effect, a slower increase in volume is also observed The latter 
is due to increased filtration pn>diiced by periplieral vasodilatation, elevn 
tion of capillary blood pressure, and increased endothelial surface avail 
able for filtration Normal individuals are able to adjust for the clianged 
blood flow of peripheral v asodifatation wathout the appearance of gross 
edema. Under exceptional circumstances, as in the tropics, edema of the 
ankles may be observed although no cardiac or lenal abnormality can be 
detected .20 Even in temperate climates patients with latent or slight 
edema usually observe dial tlieir edema is moie pronounced in warm 
weaUier. 

9. Disturbed Innervation; It was mentioned above that lympli is 
propelled passively .along the laiger lymph vessels in karge part by contrac- 
tion of skeletal muscles Certain disturbances of innervation produce not 
only peripheral v^sodil.vtation but also paralysis of the skeletal muscles 
Thus in cardiac patients, with latent or mild general edema, hcmiplegi.i is 
followed at times by conspicuous edema of the paraly/ed extremity while 
tlie opposite extremity is normal or at most slightly edematous It has 
been stated that denervation modifies the permeabiliiy of the capillary wall 
but direct evidence in favor of this view is licking In general, the effects 
of disturbed innervation can be exphined more simply by vasodihtation 
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or b> defecme dninage ot Ijmph Local cdcnn oE this t>pc is also 
obscned m h)stencnl panl>sis ind in pohom^tlms 

10 Certain Less Well-defined Factors During the de\elopmcm 
o£ edema oliguria is usual and for this reason edema has often been 
ascribed to lessened urine formation to decreased renal excretion of 
sodium or chloride and to failure of renal cvcretion of water Tins is 
certainl) true in anuria and to a ceitatii extent in adianccd renal insufTi 
cienc) with oliguria In man) cases of edenn bouever, kidnt) function 
per se is good edema has under these conditions been ascribed to so- 
aalled pre renal deiiation of water in tbit flnul is dcfiosited in the 
tissue spaces and is not piesented to the kidnc) for excretion The tan 
ous factors mentioned indiitdinll) alnnc arc special rinses of this pre 
renal deviation 

Deficienc) of \innun lir produces hcrihcn m which edenn is 
ordinanl) associated either with myocardial inuifllcicnc) or h)|)opro 
teinemia or both In some cases houcicr mild edema appears even 
though the plasma proteins and cardiac function arc noninl It has 
been suggested that Bj aiitammosis increases capillary pcnncabihty or 
increases capillary blood pressure but direct cMdcnce is lacking 

Many lionnones are known to affect water or salt metabolism but 
the eiidence so far indicates that they arc of iniponancc only in nrc 
and extreme cases haiing little relation to the common forms of general 
ized edema Pituitrin as an antidiiirctic leads to water retention hut 
does not produce clinical edema in normal mdisuluals Occasionally 
edema is actually reduced by continued administration of pitnitrm Thai 
antidiuretic substances are responsible for the edema of the late toxemias 
of pregnanq has been claimer! and also refuted -- The jirciiicnstrual 
retention of fluid obscned in many ssomcii is occasionalls consjnciious 
enough to produce slight edema which disapj>cirs tliinng other jxirtums 
of the menstrual cycle 21 omen with miW cdcnn of any t\pc will often 
obsene spontaneously that edema is increased imineiUatcly before menses 

Parucularly in nephrotic edema so-calletl spontaneous diuresis is 
occasionally observed "W ithout clnngc m the plasma proicm pertemage 
large amounts of edema fluid will be discharged by copious diuresis for 
which there is at present no explanation The mechanism whicli pro 
duces water diuresis m the nonnal individual is still a maiter of coiitro 
\ersy and it is probable tint future observations will disrovir other 
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[nciors hormonal or dieiarj ivhich affect water balance profoundly It is 
conceivable tint these studies may pronde a diuretic substance more 
physiologic and cren more effectne tlian those non available 

SUMMARY 

Certain primary abnornraluies of the capillary pressure— plasma 
colloid osmotic pi essure— capillary asall system always produce a tend 
ency towaird edema which means merely that with ordinary diet fluid 
intake actuity salt intake and renal excretion the patient will exhibit 
edema whereas a normal tndtiidual tindet the same conditions will not 
Clinica! experience has shown that the edematous patient can often be 
relieied of his edema by imposing conditions which present fluid accumu 
lation— e g rest m bed limitation of fluid restriction of salt and stimu 
lation of the kidneys by diuretics In this way tlie tendency toward 
edema formation can be nulhried bi artificial means and the patient 
avtil be kept lelatively free of edema m spue of persisting cardiac failuie 
hypoproteinemia or capillary damage This clinical observation has 
been advanced as evidence that edema cannot be explained b\ the physt 
cal forces described above Strictly speaking this is not a valid objection 
since relaxation of the abnormal regimen is again followed by fluid 
accumulation unless the underlying abnonnahiy of the capilliry pres 
sure— plasma colloid osmotic pressure— capillary wall system Ins been 
corrected 

\iUiilioiial and nephiohc cdfmas are uniformly associated witli low 
concentrations of plasma protein and a reduced colloid osmotic pressure 
of the plasma Capillary permeability and capillary pressure are not 
increased it has in fact been suggested recently that permeability is less 
than normal The edema fluid generally contains o '» per cent protein 
or less Unless modified by ireaiment the tendency toward edema per 
sists until the plasma proteins are 5 5 per cent or more or until the 
colloid osmotic pressure of die blood exceeds 17 mm of Hg Occasion 
ally a copious diuresis occurs even in the presence of marked hypopro 
teinemta 

Ae/j/iriUc fliid uipammalory edemas are generally ascribed to injury 
of the capillary wall and increased permeability In true nephnuc 
edema occurring in an initial attack of acute diffuse glomerulonepbrmv 
the edema fluid may contain as mticli as 1 o per cent proiein indicating 
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slight but dermltc dinnge of the cipillar) inll Oligurn it intense iim 
also be partiall} responsible for tlic forimtion of cticnii In tnarbeil 
mnammator) reactions e g bums or local infections edema fluid inaj 
contain as mucll as fite or six per cent protein Capillarj pressure is 
derated but apparent!) increased capillar) permeabiht) is the more 
important factor 

Cardiac edema is far more complicated in its ^lathogcnesis la acute 
congestne failure edema is ascribed clucfly to high capillar) pressure 
resulting from senous congestion Retarded Ijmph draimge and nnov 
emia mi) pla) a part also Protracted cardne decompensation leids to 
restricted intake of food and hnall) to milnutniion ruth modenie 
h>poproteinemii uhich in conjunction uiih \enous congestion ofitn 
mikes the late stages of cardiac edema eMriordimril) diincuh to ircit 
effectisel) 

III TREATMENT 

The ultimiie purpose of treitinent is to restore normal volume and 
distribution of tissue fluid Hence tlicnp) is directed toward (a) cor 
reetjon of an) ibnonmlit) of the capillar) pressure— colloid osmotic 
pressure— capillir) wull s)siem and (h) if such direct iitick is impossi 
ble the proper use of rest diet fluid restnction salt hmuition and 
diuretic drugs to oppose the icndcnc) tomnl cdcmi formation and to 
present the accumulation of fluid even thougli the underl)ing cause for 
edema persists unchanged M soon as the iindcrl)ing elcvniion of cipil 
lar) pressure h)poproteincmia or capillar) injiii-) disapjiear tlic im 
posed regimen can be relaxed wiilioiu return of edema 

1 General Measures Bed rest is desirable in all forms of edema 
since It eliminates the h)dro5latic disadvanuagc of the erect jxisition 
Patients uith mild edema will frcqticutl) respond b) diuresis shortl) 
after bed rest is begun but in scscrc edema the fluid is racrcl) rcdis 
tnbuted Edema of the legs decreases as the fluid shifts to other pans 
of the bod) Red rest is most valuable in cardiac edema since rcsiora 
tion of cardiac efficiencv removes tlic undcrl)in? cause of the fluid rLicn 
tioii and at the same tunc improves kidnc) function In ncphruir tdenn 
bed rest helps prevent chilling and speeds the dcvclopmcin of sjxmtaric 
ous diuresis In severe ncplirotic edema bed rest is rclativcl) less effec 
tive but IS gcncnllv advisable paniciihrl) when dtiiretics arc being ti'cd 
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Restriclion o/ Salt Intake: The sodium chloride content of the usual 
(lietar) \aries betueen G and 15 Gm. per daj, with large individual 
differences accoiding to the amount of seasoning added at table. Restric- 
tion of dietar) sodium and sodium chloride is beneficial in all fonns of 
edema. Restriction ma) be made moderate 01 .severe, depending upon 
the grade of edema tvhidi is present For moderate restriction it is sufTi 
cient to («) avoid adding salt to the food at table, and (b) omit salt pic 
served meats, meat extracts, salt) cheese, and salted fish Rigid salt restnc 
tinn involves in addition* (d) The use of salt-pool butter and salt poor 
bread; (c) omission of all salt in the preparation of food, (f) avoidance of 
bananas, celer), cornmeal, crackers, dates, molasses etc and finall) (g) 
the cooking of vegetables in several changes of water 

Salt deprivation makes the food less palatable at fiist. but patients 
usually become accustomed to lack of seasoning in a few davs or weeks 
Pronounced .anorexia, nausea, weakness, or muscular cramps may be 
produced b) too piolongcd or too rigorous salt restriction, particular!) 
in patients who have little or no remaining edema. In patients who com 
plain of these s)Tnptoms it is advisable to determine the plasma chlorides 
in order to recognize liypodiloremia. 

The use of salt substitutes is not generall) satisfactor). The addition 
of potassium chloride from a shaker can be tried, but the taste is un- 
pleasant to most patients Afany of the commercial salt substitutes con 
tain the sodium salt of an organic acid, e.g., sodium formate, and are 
undesirable because it is the sodium ion which assists fluid retention It 
should be remembered that it is irrational to give large amounts of 
alkaline waters, sodium bromide, or sodium bicarbonate to patients during 
salt limitation Tlie potassium salts aie not contraindicated (see ]>age 
1815). The iLse of acid salts ar diuretics will be described below 

Reslnclion of Water Intake' Water balance can be followed most 
satisfactoril) bv dail) weighing under constant conditions, since sudden 
niictuations of body weight are due to cb.angcs in the arnoniu of bod) 
water, whereas fluctuations due to nutrition occur uuidi more slowl) 

In addition, the daily fluid intake and urinai-) output should be measured 
and recorded The fluid intake offers oul) an approximate figure foi 
total water available since it does not include (a) water in tlie footl 
itself, particularly that of green vegetables and fruits, and (h) watei of 
oxidation arising from metabolism within the bod> L’nnar) output 
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ofTers ilso onl) in approxirmnon of fluid loss smcc it docs not include 
(fl) esipomion from the lungs (h) iiisemiblL ind obsicms |)trspintion 
and (c) fee'll niter \onnling diarrlm ilyspnci or c\ccssi\c pcrspin 
lion tend to increase total mier loss Tims the innlsc md ompm clnri 
IS most useful in measuring the immediate effectiveness of diuretic agtnts 
nhile bod) weight provides a better measure of changes in total nuid 
balance 

T2ie degree of fluid restriction rccoininendcd must take into aciount 
(fl) the amount of edema ( 6 ) tlic functional rapiciiv of the kidncvs 
and (c) the degree of nitrogen rciention or acidosis If the concenintiiig 
power of the kidnevs is impaired and if the blood iirt i nitrogen is 
elevated fluid restriction should be less rigorous In these |xattent$ rigid 
salt restriction associated with more liberal fluid allowmcc is preferable 
to moderate restriction of both fluid and salt 

ObviousI) in massive edema if urea clearance is normal rigid resiric 
tion of fluid to as little as Goo cc per 5 | hours is safe Usiiallv however 
limitation to looo cc per hours is sufliaent and can he contimicfl 
for long periods without excessive discomfort Fdcmatoiis patients suffer 
little from thirst unless accustomed to a large fluid intake habitintioti 
to smaller fluid allowmcc then requires several dajs 

In severe acute diffuse glomeruloncpliniis Volinrd recommends com 
pletc abstinence from water for two or three da)s but this rigorous regime 
IS not imUcatcd m other condmom or e\c« in mdd glomcruloncphniis 
\U patients with edema do vvcll however with a drv da) consistingni 
complete restriction of fluid for **4 hours aliout oiict weeki) fins is often 
followed for one or two da)s b) a slight but definite diuresis In ^cncra! 

It IS best to attempt to keep fluid intake equal to or shghtlv below nriinrv 

output since this produces a negative water balance owing to the cMnneouv 

water loss mentioned iIkivc 

hen diuresis Ins once begun fluid restriction can be relaxed \ 
sudden Iiioh fluid intake r g ir,oo cc m one hour will ocrisionallv 
begin a so-called flood diiiicsts vshicli vmH cvtntinllv rid the l«xlv ff 
large amounts of edema fUud bcfi»rc ceasing 

Diet in edema should with a ftw exceptions be adequate in | rotem 
high in calorics rich in Mtamms and low in salt In treating the cilcmi 
of severe acute glomerulonephritis \oIhard recommends complete siarva 
non for two to five da)s since h)pencnsivc enreplnlopnh) is lessnicil 
and spontaneous diuresis is hastened b\ this procctlurc This js feasible 



PATHOGENESIS AND rRE.\T\IE\T OF EDEMA 


1813 


in \sell nourished mdi\iduals but must be qualified for the tveak nnd for 
those uitli mild glomerulonephritis Ordinarily small amounts of suect 
ened tea and fruit juices can be given for two days follov\ed thereafter 
by soft carbohydrate foods along \ itli fluids in a volume equivalent to 
the previous day s urinary excretion As soon as diuresis appears diet 
and fluid intake can be retunied gradually to normal 

Protein intake should be restricted only for brief periods and for 
definite indications i e (a) to diminish the excretory v ork of the 
kidneys in serious acute diffuse glomerulonephritis until spontaneous 
diuresis appears and (b) m any form of edema uhen the blood urea 
nitrogen is rising rapidly Except for these situations piotein intake 
should be at least t Gm per kilo per day since it is undesirable to 
restrict proteins for prolonged periods The lay dictum of no meat in 
kidney disease or dropsy is pernicious since prolonged ptotem restnc 
tion does no good and probably predisposes to the development of the 
nephrotic syndrome 

When the plasma proteins are lov as in nephrotic edema or m some 
cases of chronic cardiac edema protein intake is kept as high as appetite 
and gastromtesunal tolerance v\ill permit —usually between loo and 
Gm per day exceptionally even '»oo Gm It must be admitted tint 
a high protein diet does not influence hypopToiememia in anv snaking 
manner but over prolonged periods recovery seems to be Insienetl The 
diet should also be high m carbohydrate since a positive nitiogcn balance 
IS obtained more easily with a high genera! Caloric intake When hypo 
proteinemic edema and azotemia occur together it is necessarv to adopt 
a middle course with respect to dietary protein 

Alkaline and acid ash diets have each been advocated for the treat 
ment of edema The latter can be used logically as an adjuvant measure 
in prescribing acid salts as diuretics 

2 Diuretic Drugs Diuretics are administered for the jmrposc of 
stimulating the kidneys to excrete water and salt more rapidly than they 
would spontaneously In the normal individual tlie kidney responds 
very promptly to increased body wnter by a diuresis but in the edematous 
patient this physiologic response is in abeyance In many instances 
however appropriate drugs will stimulate the kidneys to activitv and 
this artificial diuresis relieves the edema at least temporarily \s miglii 
be expected the efliaency of diuretics is greater w hen (a) renal fimrtion 
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per se IS good (b) edema is mild and (c) vihcii the tinilerl)nig atm ir 
mailt) of cardiac function capillar) pressure, or colloid osniolic pres 
sure IS being corrected siniultincously 

Diuretics are coutraimlicaled, in treating the trulj nephritic edemn 
of acute diffuse glomerulonephritis since additional stimuhlion of the 
damaged kidneys is useless and often injurious Proper restriction of 
salt diet and fluid intake with bed rest arc usinlly suflicienL to bring 
on spontaneous diuresis 

Diuretics are also often useless in cardiac edema associated with 
advanced renal insufTiciency since the few remaining renal units arc 
already stimulated maximally by retaincrl urea or fixed acids In nc 
phrotic edema the ordinary diuretics are often iiieffectne if the plasma 
proteins are below 4 Gm per cent motlerately eiTectivc if they art 
between 4 and 5 Gm per cent and usually \cry helpful nhen the plastm 
proteins are o\er 5 Gm per cent Many of the milder duireiics arc 
capricious being ineffectual on one trial and effectual later It is best 
to try them m senes beginning with the more physiological perhaps in 
the following order until the desired effect is obtained 

Urea, m doses of 20 Gm (| drams) can be t,ncn in fruit juice or 
tea two CO four times daily to patients with good kidney function It 
produces good results in some cases of ncjdiroiic edema and in many 
cases of cardiac edema The artificial rise of blood urea is harmless but 
m some cases gastrointestinal disturbances thirst slight headache and 
lassitude may limit dosage In suitable cases it can be used oscr pro- 
longed periods for the control if not the complete relief of modcraic 
edema The administration of urea 1$ comraindicatcd if arotemn is 
present 

Punne Diuretics Theobromine used cither as the base or as one 
of Its salts IS administered orally in doses of oG to i o Gm (10 to 1 , 
grams) three to fi\e times per day It is best used over pencils of only 
three or four days since it gradually loses its effect when gi\cn continu 
ously for longer periods Tlieophyllin or preferably thcophslhn ethyl 
enednnunc is somewhat more actixc as a diuretic ami is gwen m doses 
of o 1 to o " C»m (11/ to 3 gnins) three times a day in hot tea Gastni- 
intestinal or renal imtaiion is ixxasionally obsersed 1 hcophyllin ethyl 
enediamme is now asaihblc for intrastnous admiiustraiion aho 
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Polnssmm uihate chlonde or acetate, in doses of i Gm (15 gnins) 
3 to 5 times per day ire useful occasionally but notiiuh complete regu 
lant) These salts are not to be gi\en when renal function is impaired 
since retention makes toxic symptoms sncli as nausei \omiiing and 
dnrrhea more likely The potassium salts are more potent i\hen rein 
forced by a lou sodium high potassium diet2< 

Actd producing salts are usinlly administered m the form of nm 
moniura chlonde or ammonium nitrate Doses of 2 Gm (30 grains) aie 
giien three to five limes daily m enteric coited capsules In most 
cases It IS essential to determine the plasma COg occasionally to avoid 
excessive acidosis Results are generally better in cardiac edema than in 
severe nephrotic edema A diet with acid ash can be used to supply part 
of the acid required The acid producing salts lose their effect and 
become actually dangerous in the presence of renal insuffitiency since 
retention may produce severe acidosis 

Mercurial Diuretics Calomel Guy s Hospital pill md merbaphen 
(novasurol) have been superseded by more dependable and less toxic 
organic compounds of mercury Even the latter are however contra 
indicated in acute renal disease and m renal msnnicienc) owing to the 
greater danger of inercurialism hfersalyl (salyrgan) produces diuresis 
by reducing tubular reabsorpiion of water *’<' Meruipunn containing 
both organic mercury and theophyllin apparently produces diuresis 
partly by increasingglomeiular filtration and partly by deci easing tubular 
reabsoiption of waters" Botli these drugs are given intravenously 
preferably in the morning in doses of 1 or 2 cc (15 to 30 minims) of 
ten per cent solution at intervals of three to five days It is safest to 
begin with an injection of oiy cc minims) to detect undue sensi 

ttvity to mercury Diuresis begins 111 two to iJuee Iiours reaches us peak 
m SIX to ten hours and comimies at lowei levels for «4 to j8 hours 
Careful intramuscular administration can be used but subcutaneous 
injection is painful and leads to sloughing lesions 

Recently suppositories containing an oiganic clenv-ative of mercury 
(merciinn) have become available \fter a cleansing enema the supposi 
tory is inserted preferably in the moniuig the resulting diuresis is less 
pronounced but lasts longer than that produced by iniiavcnoiis adminis 
tration 
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All the mercurial diuretics are more consistently cfTccti\t if the |>at:cnt 
Ins been started 48 hours before on a course of amnionium chloride or 
nitrate 29 Urea by mouth may also be combined s\ith the intravenous 
or rectal administration of mercurial diuretics Such combinations arc 
more apt to be beneficial than either drug alone 

The completely safe repeated use of mercurial diuretics is limited 
to patients mth cardiac edema and good kidney runetton as measured 
by concentrating power or urea clearance In nephrosis even though 
urea clearance is initially normal transient depression of the urea clear 
ance may be observed during diuresis In advanced renal instifnciency 
and in acute diffuse glomerulonephritis the use of mercury m any form 
IS dangeious Even with good kidney function slight increase m cast 
excretion has been described It is undesirable to produce excessive 
diuresis m weak and grossly edematous patients since too rapid depletion 
of water and chloride may lead to increased weakness restlessness mental 
confusion or even circulatory collapse 30 

3 Additional Measures Used in Treating Nephrotic Edema 
Thyroid stibUance and Oiyoxtn induce diuresis in some cases of nephrosis 
although the mechanism of their action is not clear Epstein impressed 
by certain similarities between myxedema and nephrosis found lint 
patients with the nephrotic syndrome cotdd be given relatively largt 
doses of thyroid substance without toxic symptoms or elevation of basal 
metabolic rate At first small doses shoiihl be used with repeated deter 
mination of the basal metabolic rate If toxic symptoms do not develop 
dosage is increased gradually imlil as much as 1 Gm (15 grains) per day 
may be given continuing for long perioils if necessary Toxic symptoms 
generally do not develop as long as hypercholcstciolcmn is present Thy 
roid substance is alw ay s used merely as an adjuv ant measure in c-ombmition 
With high protein diet and other medical treatment 

Blood Irausfimon is logical therapy m nephrotic edema pariiculatly 
if anemia is present The transfusion of whole blood adds both erythro- 
cytes and plasma proteins it should tlicorcliolly correct one of the 
faults in the by poproieinemic edema of nephrosis However protemurta 
often increases immediately after transfusion and it is probable that the 
added plasma protein is quickly lost in the urine Nevertheless several 
transfusions of the usual size at interaals of thicc or four days frciiticnily 
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improve appetite and assist die action of the usual diuretic drugs 
Specially prepaied concentrated lyophilized serum has also been used m 
treating nephrosis in childhood.36 In hypoproteinemin, complicated by 
cardiac failure or by adv-anced renal insufficiency with hypertension and 
cardiac hypertrophy, transfusions are dangerous because of tJie temporary 
burden placed upon the bean. In pure nutritional edema transfusion 
produces diamatic relief while liigh protein diets act more slowly 

Acacia, an inert colloid, was advocated for the treatment of nephiotic 
edema by Hartmann and Senn,22 ^vho gave intravenously an amount 
calculated to be enough to raise the colloid osmotic pressure of the blood 
to 17 mm. Hg,— the so-called edema level. Large doses are, however, 
undesirable because of occasional severe circulatory reactions and because 
of probable harmful deposition in the Iivcr.33 It has been our custom 
to reserve the administration of acacia for otherwise intiactable cases of 
nephrotic anasarca without hypertension or renal insufficiency. After 
all other therapeutic measures have by specific trial proved unsuccessful, 
these patients are given not more than 200 Gm (6% ounces) m divided 
doses.84 It is desirable to test tlie patient for sensitivity to acacia by 
intradermal injection since hypersensitivity, though rare, does occur. 
The first injection should be small, preferably 5 or 10 Gm (i^4 
drams) , and later dosage should not exceed 30 Gm. (yYi drams) daily 
in six per cent solution until a total of 200 Gm (6^4 ounces) has been 
given. To avoid reactions it is best to administer a sedative, to inject the 
solution very slowly, and to avoid commercial solutions of acacia which 
are dark in color. This procedure produces satisfactory diuresis and 
temporary relief of edema in some otherwise refractory cases of nephrotic 
edema. It is probable that temporary increase in blood volume is the 
stimulus which starts diuresis 35 Tlie administration of acacia is con- 
traindicated by liver disease, cardiac insufficiency, or hypertension 

Decapsulation of the kidneys has been advocated occasionally, but is 
not advisable except as a last resort. 

4. Additional Measures Used in Cardiac Edema: Cardiac edema, 
being due to cardiac insufficiency, will be relieved by any procedure 
which improves circulatory function. Rest in bed. sedatives, and digitalis 
may be all that is required in mild cases to initiate a copious diuresis 
and fiee the patient of edema. Venesection, by reducing venous pressure 



C\RDIO\ \SCUL.\R DISMSL 


1818 

and restoring compensation is also often follontd bj ilinrcsis piiiniihrl) 
tn patients nttli acme congesttse railtirc In all cases appiopiiitc llieiap) 
of injocardial failure (sec Cliaplcr \\\!V) isaneiessar) prerei|insitc for 
the successful therapy of cardiac cilcma cicn islicii dnirclics arc used I or 
chronic cardiac failure tsith hypoprotcincmia from nialnutrition a high 
protein diet is adsisahlc as cardiac rccorcrv restores nastroimcstiiial 
function to normal 

5 Vicanous Elimination of Water Sa i/tting b) bcni or In tlnplio 
retie drugs i favorite remedy of earlier dajs has fallen inio disuse he 
cause of ine/Ticienc), danger of chilling and hkchlmod of cxhamtion 
^\eak patients find sweating induced b) either heat or drugs extremely 
tiring Edematous patients also frequently fail to sweat with diaphoretif 
measures a\hich cause normal individuals to sweat profusely 

Piirgntion if drastic eliminates signiiicani aniounis of both water 
and salt by bowel but is too weakening to be generally useful It is 
advantageous to keep the stools iclattvely soft but contuiucd waters 
stools are undesirable 

rhoracLtUtsis and fiaracentests abdommis aie frequently necessary 
in massive edema to relieve dyspnea A tense ascites from any cause is 
often associated with profound anorexia and g’lstroinicsiina! distress 
winch can be improved ineicly by paractmtsis Moreover relief of mira 
abdominal pressure by paracentesis removes external pressure from the 
abdominal and renal veins and is said frequently to increase the effee 
tivcncss of diuretic drugs 

Southey s tubes must be used occasionally although the need for 
subcutaneous drainage has diminished since the intrwhiciion of iht 
more powerful diuretics and the general use of water and salt restriction 
Because of the danger of infection such drainage should he ie*servcd for 
cases with enormous edema v\hich has resisted all oilier measures Ri^id 
asepsis IS essential W hen the canimlac are properly inscricd into the logs 
very large amounts of fluid can be drainetl off since edema chew here 
and serous clTusions arc reduced as the fluid migrates to the dramed 
extremities Even tliougli the tubes arc rcinovexi after 2 } to j8 hours 
strict asepsis must be continuetl until the skin heals completely This 
may require several days because ctlcma fluid usually continues lo oorc 
from the cutaneous wounds after the cannulac have been removed 
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IV CLINICAL EXAMPLES 

NEPHRITIC EDEMA 

C \\ while mile aged 3-1 developed malaise severe headache 
jiuffiness of ihe face edema of ihe ankles and oliguria following the last of 
several mild sore Ihroats in previous months The patient was seen three 
thjsafter the onset of sjmpioms At this time it was noted that bod^ weight 
Ind increased from the usual 70 to 80 Ig (150 to 170 pounds) The urine 
was scant) in amount and dark in color but gross hematuria had not 
been observed 

P/iystcal Exnmtnation The blood pressure was 128 svstolic and 80 
diastolic VMth normal temperature pulse and respmtion The pharynx 
VMS reddened and the tonsils were chronicall) infected The lungs were 
negative The heart jicnphcral vessels and reiinal vessels were normal 
lilt ankles and face were obvmusi) edematous 

Enhorntoi') Studies Tlic blood count was normal Urinary output 
dimng the first 24 hours was 400 cc with a specific gravit) of 1 027 The 
unne contained moderate albumin and an Addis count revealed lint 
in Id hoins S 000 000 casts were excreted (normall) 5000 or less) with 
tv 0 pet cent blood casts 10 000 000 red cells (noninll) 0 5 million oi 
leiw) were excreted in the same j-icnod In the first fevv ila)s the blood 
iiiea nitrogen rose from 24 to 41 mg per cent The concentration of the 
plasma piotcins was 6 2/ Cm per cent The urea clearance was 22 per 
cent of normal The blood sedimentation rate was rapid 

The patient was given no fluids whatever for 21 liours along wall 
a soft diet low in salt and poor in protein Thereafter fluids were 
restricted to 750 cc per day until diuresis began on the fourth day of 
hospitaliraCion Fluid intake was then increased to 2000 cc per da) as 
diuresis continued and the diet was rapidly increased so that at the end 
of the first week the patient was receiving at least 70 Gin of protein 
per day The spontaneous diuresis rapidly rctliicetl body weight from a 
mayinmm oi }75 pounds to J52 pounds as edema disappeared The 
blood urea nitrogen fell to normal and urea clearance rose to Ga per cent 
of average normal function within a few dajs The urine still contained 
man) casts and er)ihroc>ies The infected tonsils and one mtcried tooth 
were removed three vveeks after admission Subjectivel) the paticni feU 
well as soon as the spontaneous diuresis began Rest m bed was continued 
for a period of eight weeks after whicli the patient wus allowed to return 
home for a further rest period of several months before work, was rcsunitd. 
Except for a minor recrudescence about one )car later healing progressed 
unintcrruptcdl) and at the present umc (five >ears later) there are no 
detectable signs of active renal disease the unne bting negainc by Atldis 
count 
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Comment Bed rest restriction of IJuid and salt and icmporarj 
restriction of protein tvcre followed b) spontaneous diuresis iMth prompt 
relief of edema and azotemia local infection s\as treated onlj after 
recoser) was tsell established It is not adiisablc to use diurciirs in 
treating this form of ederna It is essential houeier to continue bed 
rest and to restrict actitity for months after the acute attack Piotcin 
intake should be returned to normal as soon as jwsstble in order tint 
general nutrition be kept at a high lexel It is also essential that focal 
infection be clieckcd at frequent inters als 

NEPHROTIC EDEMA 

S H nhite female aged 27 complained of ohgiina and increasing 
edema basing been perfcctlj well until II dajs before The urine svas 
dark but not hemorrhagic and there averc no other ssmpioms Reairrent 
tonsillms in preaious SMiuers had led to tonsillcctomj scseral months 
beibre the appearance of edema but there had been no recent infection 

Physical E'camimtion The blood pressure s^as 112 sjatohe and 72 
diastolic iviUi normal temperature, pulse, and respiraiion The pliarynx 
contained residual tonsillar tissue uhich s\as not inflamed Cardiac site 
rate and rhjthm uerc normal A high pitdied murmur uas heard oscr 
the mitral area throughout s}stoIe with a loud first sound but no thrill 
or presjstohc murmur The retinal and peripheral arteries iscre normal 
Bod) ssciglu had increased 20 pounds conairrcntl) uith the appearance 
of marked faaal and perqihcral etiema moderate asates and slight bdat 
eral h>drothora’>c 

Laboratory Studies The blood count was normal Urmar) ouiput 
uas as loiv as 280 cc per 24 hours uiih specific gtasitics as Iiigli as 1 OjO 
(1 028 uhen corrected for contained protein) From 50 000 to 1 000 000 
casts uere excreted m 12 hours (normally 5000 or less) including at san 
ous times all t\pes excepting bIoo<I and failure casts Iminl specimens of 
urine s\crc reported b) routine examination to contain no red cells but 
according to Addis counts erythrocyte excretion nned at First from 02 
to 0 7 niilhon per 12 hours (normal!) 05 million or less) Albuminuria 
frccpiend) exceeded 2o Gm per 24 hours The urine contamttf doubi) 
refracine lipoids Tests for s>phih$ ucrc negative Blood urea nitrogen 
plasma chlorides and blood sugar were normal The blood cliolcstcrol 
was 823 mg per cent total plasma proteins 3 81 Gm per cent and 
plasma albumin 1 31 Gm per cent with reversal of the albumin-globulin 
ratio Tlie blood sedimentation rate vvas exircmel) rapid Kulnev func 
lion was norma! as measured by concentrating power urea clearance and 
phenolsulfonpluhalcin chnnnaiion The basal metabolic rate was minus 
SIX per cent 




edematous tissues became the primary consideration Acaaa ss'as liicre- 
fore administered intravenously in repeated doses ol 10 tlien 20 Gm. 
per day until a total of 130 Gm. had been given. A conspicuous diuresis 
followed and edema disappeared as body weight decreased from 1C8 to 
143 pounds. 

Other foci of infection having been excluded, residual tonsillar tissue 
was removed by elearocoagulatioiu Vitamins and ferrous sulfate were 
added to the high protein diet Edema fluid began to rcacaimulatc but 
a single transfusion induced renewed diuresis. 
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As shoun in Fig 2 blood pressure and urea clearance v.ere normal 
ihroughout as s\as the blood urea niirogcii except during the period 
uhen urea uas guen in doses as high as 80 Cm jitr daj Chloride 
excretion increased SMthout significant cliangc in bwH veight ubilc 
ammonium chloride uas giien and again during the diuresis and rcduc 
lion in bodj ueight uhich followed ilte administration of acacia The 
later rise in clilondc cxcreiion i as produced bj a gradual relaxation of 
salt restriction \mmonium chloride in doses of 10 Cm (2U drams) 
per da) reduced slighth the carbon dioxide combining jx>wcr of the 
blood and was associated also wnth icmponirilj increasetl cast and en thro- 
cste excretion whicli penisted but did not increase further during the 
later diuresis from acacia Albuminuria decreased steadilj and was not 
perceptibly changed by the massive diuresis The plasma proteins were 
3 8 per cent on admission fell to 27 [ler cent after acaaa was given and 
then rose slowly to reach 4 I per cent at the time of disdiarge and CJ/ 
per cent six months later Repeated cast counts and blood studies since 
disdtajge from the hospital hate shown continued improiement. Tlie 
most recent unne specimens hate been normal with rcsjxra to spccifc 
gniMti protein content and sediment 

Comment Tiie clinicil diagnosis made in this case was (a) nephrotic 
syndrome probably due to true hpoid nephrosis and (b) rheumaiic 
heart disease (inactive) Erytliroqte excretion m ilie urine was low 
initially and rose to slightly less than s ooo ooo per !• Jiours only during 
the administration of large doses of ammonium chloride Under these 
condmons the finding of excessive red cell excrciion did not seem to require 
that a diagnosis of glomenilonepliritis be made 

This case illustrates the usual difficulty encountered m inducing 
diuresis when the plasma proteins are extremely low Tlie edema resisted 
the ordinary diuretics and was fimlly relieved by the intravenous ad 
ministration of acacia a slight recurrence was apparently interrupted by 
a transfusion If spontaneous remission had not reduced the albuminuria 
and increased tlie concentration of the plasma proteins etlcma would 
doubtless have returned as soon as the temporary effects of the acacia 
and the transfusion were over 

CARDIAC EDEMA 

^\ S white male aged 16 complained of fatigue noctiinial dyspnea 
dry cough and swelling of the anUcs These symptoms had begun 
approximately four weeks before with epigastric pain and severe dyapnea 
which interfered with sleep for approximately one w«k Tlie family 
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ph)siaa« prescribed bed rest in spite of ivindi the legs and thighs became 
conspicuous!) swollen Resumed activity shortly before admission led to 
return of epigastric pam severe dyspnea and increased edenn Prior 
to admission digitalis had been administered m excess of usual ihera 
peuiic dosage 

Physical Examination The blood pressure was 150 systolic and 00 
diastolic sntli normal temperature a pulse rate of 56 and orthopnea 
ivith t respiratory rate of ^ to 30 Tlie ankles sicnitn and xbdommal 
tsall tvere massively edematous The retinal arteries showed early angio- 
sclerosis without hemorrhages or exudates The lungs were nonnal except 
for moist rales at the bases The heart was enlarged the left border 
being 13 cm from the midhnc and die total area by orthodiagnm being 
88 per cent above the predicted normal A systolic thrill was felt over 
the precordium The rhythm was totally irr^ular owing (a) to aunailar 
fibnllaiion and (b) to coupled beats The murmurs of mitnl stenosis 
and insufficiency were present The peripheral vessels were somewhat 
thickened but not tortuous The Incr was tender and extended 4 cm 
below the costal mat^in The neck veins were distended 

Laboratory Studies T(ie blood count was normal The urine hid 
a specific gravity of 1 025 or more on numerous occasions contained mod 
crate albumin and a few granular casts but no eryihrocMcs Tests for 
syphilis were negative The blood urea nitrogen on idmission was 33 mg 
per cent but rapidly fell to 9 mg per cent TJie blood sugai and plasmi 
chlorides were normal TJie plasma protein percentage was vomewJni 
reduced being 5? Cm pet cent The cleccrocardiogrsin shnued etc 
dcnce of auricular fibullaiion and possible coronary occlusion 

The patient had been oveidigiializctl prior to admission as indi 
cated by the bradycardia and coupled beats Bedrest salt restriction and 
a low fluid intake failed to jirodiice a significant diuresis \ftcr nine 
days digitalis was resumed cautiously, also without effect on diuresis 
In this interval the blood urea nitrogen fell to normal Urea clearances 
and urines of high specificgraviiy indicated that the kidneys were normal 
the azotemia being explained by the reducetl function of passive con 
gestion A mercurial diuretic, mersalyl was injected intravenously in 
doses of 1 and 2 cc 48 hours after ammonium chloride Ind been started 
in doses of 5 Gm drams) per day This procedure repeated at 

intervals of five days produced a diuresis between 3000 cc and 4000 cc 
on eacJi occasion Body weight decreased from 150 to 130 pounds m the 
course of three weeks accompanied by symptomatic improvement and 
considerable recovery of cardiac compensation The patient was dis 
charged free of edema and moderately well oimpensatetl to a convalescent 
home 
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Comment In this instance, m the presence of auricular fibrillation 
and profound decompensation, bed rest, salt and fluid restriction, and 
the administrition of digitalis produced no diuresis The use of a mer 
curial diuretic, associated with ammonium chloride, was justified b) 
the obser\ation that concentrating power was retained, the urine having 
a specific gravity as high as i 030 on several occasions The slight eleia 
tion of blood urea nitrogen did not contraindicate the use of mersaljl 
under these circumstances, because the mild azotemia ins due to passive 
congestion rather than to intrinsic renal insufficiency The relief of 
edema produced by the mercurial diuretic was unquestionably an im 
portant factor in improving cardiac function m this patient The phsma 
protein percentage was slightly low, making the edema more difficult 
to treat than would have been the case if simple passive congestion had 
been associated with a completely normal plasma protein percentage 
In this instance the edema was of mixed pathogenesis, being due in part 
to congestive failure and in part to hypoproteineima which not uncom 
monly results from voluntary dietary restriction 
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